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THE   THEORY    AND    PRACTICE    OF    PRECISE 
SPIRIT   LEVELING. 


By  David  A.  Molitoe,  M.  Am.  Soc.   C.  E. 
Peesentkd  October  3d,  1900. 


WITH  DISCUSSION. 

Introductory. 


In  presenting  this  paj)er  to  tlie  Society,  the  Tsi'iter  is  actuated  by 
the  conviction  that  the  subject  of  precise  spirit  leveling  has  not  received 
the  exhaustive  treatment  which  it  manifestly  deserves,  and  that  a  clear 
and  comprehensive  exposition  of  the  latest  developments  and  methods 
would  be,  at  this  time,  of  great  value  to  the  profession.  A  further 
object  is  to  elevate  the  standards  of  spirit  leveling  to  the  point  of  truly 
scientific  work. 

Leveling,  as  commonly  conducted,  belongs  to  the  most  primitive  sur- 
veying operations.  However,  when  there  is  presented  the  problem  of 
spanning  the  continent  by  lines  of  levels  which  shall  be  as  accurate  as  the 
highest  skill  and  most  perfect  instruments  will  permit,  then  it  may  be 
truly  said  that  the  primitive  art  has  advanced  to  the  status  of  a  science. 

Leveling  is  simjile  only  when  it  is  permissible  to  neglect  all  small 
errors;  it  becomes  more  comi)licated  and  requires  more  painstaking 
in  proportion  to  the  accuracy  requii'ed. 
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The  ultimate  aim  in  precise  leveling  is  to  j)erform  level  -Rork  which 
is  absolutely  free  from  error,  so  far  as  this  is  attainable  with,  the 
highest  human  skill,  ingenuity  and  perseverance,  combined  with  the 
use  of  the  best  instruments. 

To  manijjulate  a  high-gi-ade  instrument  with  celerity  and  accuracy 
is  artistic;  to  observe  correctly,  determinine  all  possible  sources  of 
error  and  eliminate  these  errors  by  proper  methods  of  observing  and 
by  constant  vigilance,  is  truly  scientific.  When  all  this  is  to  be  accom- 
plished in  the  fields  or  on  the  jDublic  highways,  exposed  to  the  elements 
and  many  interfering  annoyances,  it  seems  almost  miraculous  to  attain 
the  results  which  some  observers  have  obtained.  Despite  all  these 
hindrances  the  subject  demands  a  delicacy  of  instruments  and  an 
accuracy  of  results  quite  equal,  or  even  superior,  to  the  highest  grade 
of  geodetic  work. 

There  are  very  few  men  who  have  made  a  success  of  precise  level- 
ing, and,  of  these,  less  than  a  half-dozen  have  given  to  the  profession 
the  results  of  their  experience  and  study.  Hence,  the  subject  has  ad- 
vanced very  little  during  the  past  fifteen  years,  and  anyone  detailed  to 
such  work  is  confined  to  very  limited  resources  aside  from  his  own. 
Also,  the  inducements  offered  are  generally  such  that  first-class  men 
will  not  follow  up  precise  leveling  as  a  specialty,  although  the  subject 
demands  a  speciahst  in  the  highest  sense. 

For  this  reason  the  writer  hopes  to  add  some  new  information  to 
this  important  branch  of  geodetic  work,  by  giving  a  complete  treatise 
on  i^recise  leveling  according  to  his  own  experience  and  research. 

The  historical  side  of  the  subject  is  so  well  treated  in  the  report  of 
the  Geodetic  Conference,*  February  28th,  1894,  that  no  attempt  is 
here  made  in  that  direction. 

In  view  of  the  many  diverse  opinions,  theories  and  methods  hitherto 
advocated,  the  present  paper  will  be  confined  to  the  most  practical 
and  approved  methods,  and  doubtful  features  wiU  be  discussed  only 
when  it  is  deemed  necessary.  The  system  of  leveling  here  outlined  is 
essentially  that  used  by  the  United  States  Lake  Survey  and  the  Missis- 
sippi River  Commission,  with  many  changes  which  suggested  them- 
selves to  the  writer  while  engaged  by  the  United  States  Board  of 
Engineers  on  Deep  Waterways,  in  running  a  duplicate  line  of  precise 
levels  along  the  St.  Lawrence  River  from  Tibbett's  Point,  N.  Y.,  on 
♦  "  Report  of  U.  S.  Coast  and  Geodetic  Survey,"  1893,  Pt.  2,  p.  304. 


PLATE    I. 

TRANS.   AM.  SOC.  CIV.    ENQRS. 

VOL.  XLV,   No.  888. 

MOLITOR  ON  PRECISE  SPIRIT  LEVELING. 


V 

^ 

' 

d 

^B       ^*^ 

y* 

^  ^ 

^ 

M 

L^^^l 

r 

i 

^ 

a^^H 

\ 

MA 

PIm 

A 

Bltf  and  Berger  Precise  Level,  No.  2768. 


MOLITOR    ON    PRECISE    SPIRIT   LEVELING.  3 

Lake  Ontario,  to  the  Canadian  Boundary  Line  at  St.  Regis,  X.  Y. ;  also 
by  the  United  States  Lake  Survey  in  running  a  dui)licate  line  around 
Lake  St.  Clair,  from  Grossejioint  to  New  Baltimore,  Mich. 

It  is  not  deemed  necessary  to  state  the  fundamental  principles  and 
definitions  of  terms  involved  in  common  leveling.  The  reader  is  sup- 
jjosed  to  be  familiar  with  the  definitions  given  in  textbooks  on  sur- 
veying, and  these  will  be  used  so  far  as  they  are  found  applicable. 

In  common  levels  it  is  customary  to  neglect  all  refinements  which 
are  supposed  to  prevent  only  small  errors,  but  not  to  affect  the  material 
accuracy  of  results.  It  is  not  generally  considered  necessary  even  to 
equalize  back  and  fore  sights,  or  to  shade  the  instrument  from  the  sun, 
or  to  jjlumb  the  rod  with  a  spirit  level  or  j^lumb  line.  Howevei',  this 
is  a  gross  neglect,  for  most  of  these  things  can  be  done  without  addi- 
tional expense,  and,  as  will  be  shown  later,  are  much  in  the  interest  of 
good  work.  The  question  always  confronts  us:  What  is  the  limiting 
magnitude  of  a  so-called  small  error  ?  Some  of  these  neglected  errors 
are  likely  to  be  surprisingly  large. 

The  method  of  differential  spirit  leveling,  as  executed  with  the 
wye  level,  is,  in  principle,  circumscribing  a  polygon  around  the 
earth's  surface  by  a  succession  of  tangential  lines.  If  the  earth  were 
a  perfect  sphere,  of  uniform  radial  attraction  at  all  points  of  its  surface, 
then  no  error  would  be  introduced  into  a  line  of  spirit  levels  so  long  as 
back  and  fore  sights  are  made  equal,  assiaming  that  no  deleterious 
atmospheric  influences  exist. 

However,  the  earth  is  not  a  sphere,  but  an  ellipsoid  of  revolution, 
thus  making  the  theory  of  precise  spirit  leveling  quite  comjjlicated. 
This  it  is  proposed  to  discuss  in  the  following  under  the  head  of 
errors. 

In  all  following  discussions  and  data,  the  metric  system  of  weights 
and  measures  will  be  used  exclusively,  that  system  being  almost  indis- 
pensible  to  the  class  of  work  here  considered. 

Pkecise  Leveling  Insteuments. 
1.  General  Remarks. 
There  are  a  number  of  high-grade  levels  manufactured  in  different 
parts  of  the  world.      All  makers  are  striving  to  attain  the  greatest  per- 
fection, yet  the  majority  fall  far  short  of  the  mark.     The  difficulty 
seems  to  be  that  the  makers  are  not  precise  levelers  and  hence  do  not 
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fully  know  and  appreciate  the  fine  ijoints  required  in  such  instru- 
ments. Also,  the  various  methods  of  observing  demand  a  variety  in 
the  construction  of  certain  details  which  will  not  be  harmonized  until 
all  observers  have  accepted  a  generally  apjDroved  system  of  leveling. 

Another  diflSculty  in  the  way  of  i^rogress  is  that  the  makers  are 
peculiarly  obstinate,  and  show  a  marked  indisposition  to  alter  their 
designs  of  instruments  to  better  suit  the  requirements  of  the  engineer. 
A  battle  of  words  is  generally  necessary  to  convince  the  maker  of  a  de- 
sirable improvement,  and,  when  convinced,  he  "wall  adopt  the  improve- 
ment only  when  specially  ordered.  This  applies  more  strictly  to 
American  makers,  probably  because  American  engineers,  generally, 
are  more  easily  satisfied  and  seem  to  entertain  a  high  degree  of  con- 
fidence in  the  ability  of  the  maker  to  jjroduce  the  best  possible 
instrument. 

There  is,  for  example,  no  need  for  the  ordinary  wye-level,  this  in- 
strument being  more  than  replaced  by  a  transit  with  a  few  slight 
modifications  which  could  be  made  without  material  increase  in  cost. 
Yet  the  makers  (with  few  exceptions)  will  not  adopt  the  progressive 
move,  probably  because  it  would  prevent  the  sale  of  common  levels. 

The  ordinary  wye-level,  no  matter  how  well  made,  is  very  imperfect 
in  i^rinciiile  and  does  not  permit  of  quick  and  reliable  work,  although 
intended  for  that  very  purpose.  The  reasons  for  this  will  be  brought 
out  more  clearly  in  the  following. 

No  instrument  has  ever  been  made  of  which  it  could  be  said  that  it 
was  free  from  error  or  could  be  made  so  by  the  most  careful  adjust- 
ment of  its  parts.  Hence,  the  observer  can  j)lace  absolutely  no 
reliance  on  any  instrument  for  permitting  perfect  adjustment  or  for 
holding  such  adjustment  longer  than  a  few  minutes  at  a  time.  His 
confidence  and  assurance  of  perfect  elimination  of  error  must  rest  on 
his  own  ability  to  accomplish  this  end,  and  the  instrument  which  best 
permits  this  difficult  achievement  necessarily  deserves  the  credit  of 
being  the  most  perfect. 

It  is  by  no  means  intended  to  convey  the  impression  that  the  most 
perfect  level  is  necessarily  the  most  complicated.  On  the  contrary, 
simplicity  is  a  prime  necessity  to  the  usefulness  of  a  level,  and  its 
peculiar  purpose  demands  strength,  durability,  compactness  and 
stability  of  all  its  parts.  Being  subject  to  somewhat  severe  treatment, 
for  an  instrument  of  such  fineness  and  delicacy,  it  follows  that  to  fill 
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two  in  order  tliat  tliey  may  be  equally  eflScient  in  obtaining  accurate 
readings.  That  is,  for  the  maximum  allowable  length  of  sight,  the 
error  of  pointing,  due  to  the  delicacy  of  the  level  tube,  must  be  far 
within  the  attainable  accuracy  of  a  single  rod  reading  with  a  telescope 
of  given  magnifying  power. 

The  striding  level,  therefore,  contains  a  most  accurate  and  sensitive 
tube,  which  is  mounted  carefully  in  a  bronze  case,  permitting  vertical 
and  lateral  adjustments.  This  level  tube  has  an  air  chamber  at  one 
end,  thus  making  the  length  of  the  bubble  adjustable  for  all  ordinary 
temperatures.  An  adjustable  revolving  mirror  reflects  the  bubble 
image  to  the  eye  of  the  observer  in  either  position  of  the  tube.  A 
level  tube  should  never  be  mounted  rigidly  in  cement  or  plaster  of 
Pai-is,  as  was  done  originally  in  the  above  instrument.  A  thin  strip  of 
cork  or  blotting  paper,  wrapped  around  one  end  of  the  glass  tube  and 
held  by  screw  pressure  within  the  case,  is  all  that  is  required.  The 
other  end  may  be  carried  on  two  points  and  held  in  position  by  spring 
pressure. 

The  level  tube  may  be  reversed  simply  by  lifting  it  out  of  the 
guides  and  replacing  it  in  a  reversed  position.  The  telescope  may  be 
revolved  on  its  collars  through  180^,  and  its  horizontal  thread  is 
made  horizontal  by  adjustable  stops  on  each  side  of  the  cradle  at 
the  eye  end  of  the  telescope.  The  striding  level  must  always  be 
removed  when  the  instrument  is  being  carried  and  while  revolving 
the  telescope. 

The  foregoing  features  constitute  the  vital  points  of  a  precise  level, 
and  the  remainder  of  the  instrument  is  of  minor  importance,  though 
many  of  the  details  are  extremely  valuable  in  facilitating  quick  and 
accurate  handling  of  the  instrument.  Perhaps  the  best  and  most 
practicable  mounting  of  the  telescope  and  level  tube  yet  devised  is 
represented  in  this  instrument. 

The  cradle,  taking  the  place  of  the  wyes  in  a  level  of  ordinary  con- 
struction, is  centrally  mounted  on  a  horizontal  axis  intersecting  the 
Tertical  axis  of  the  instrument.  Hence,  any  tUting  of  the  cradle  that 
may  be  desirable  to  bring  the  bubble  to  the  center  of  the  level  tube, 
does  not  in  the  least  affect  the  height  of  instrument,  so  that  the  instru- 
ment need  only  be  made  approximately  level  by  the  small  tubular 
spirit  levels  attached  to  the  rigid  frame,  and  the  fine  leveling  is  then 
done  by  means  of  the  large  milled-head  micrometer  at  the  eye  end. 
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Fig.  1.— U.  S.  Coast  and  Geodetic  Survey  Level. 


No.  2.— Massachusetts  State  Survey  Level. 
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The  rigid  wye  of  the  common  level  is  thus  replaced  by  a  swinging 
cradle  which  is  adjusted  to  the  level  tube  at  every  observation,  thus 
transferring  the  movement  of  the  wyes  from  the  coarse  leveling  screws 
to  a  single  dehcate  micrometer  screw. 

The  cradle  may  be  clamj^ed  rigidly  by  the  screw  at  the  right,  but 
this  is  not  considered  useful  or  desirable. 

The  celluloid  trimmings  are  intended  to  prevent  temperature 
changes  caused  by  handling  the  instrument. 

The  three  leveling  screws  are  admirably  well  adapted  to  this  instru- 
ment, and  permit  of  a  generally  low  spindle  and  a  very  broad  base  on 
the  tripod  head,  which  makes  the  instrument  very  steady,  even  for 
high  wind,  and  the  numerous  other  disturbing  elements  with  which 
the  observer  is  constantly  molested.  The  tripod  legs  are  also  very 
rigid  and  serve  their  purpose  well. 

b.  The  Swiss  Precise  Level. — This  level,  shown  in  Fig.  1,  Plate  11, 
was  manufactured  by  Messrs.  Kern  and  Company,  of  Aarau,  Switzer- 
land. It  embodies  essentially  all  the  features  described  in  the  Buff 
and  Berger  level,  though,  in  general,  it  is  not  so  well  constructed, 
and  the  level  tube  cannot  be  reversed  on  the  telescope  except  by 
unclamping  the  lock  device  at  the  eye  end  of  the  instrument,  which  is 
somewhat  annoying.  The  circular  watchglass  level  for  approximate 
setting  of  the  instrument  is  a  little  better  than  the  two  small  levels 
on  the  Buflf  and  Berger  level,  which  latter  are  partially  covered  by 
the  lower  frame.  The  level  tube  and  telescope  are  much  better  than 
the  remainder  of  the  instrument. 

The  only  objections  to  this  instrument  are:  The  short  eyepiece 
tube,  which  frequently  shifts  laterally,  thus  introducing  thread 
errors;  the  cradle  joint  not  being  in  the  vertical  axis  introduces  errors 
from  releveling;  and  the  screws  and  other  small  parts  generally  are 
too  light,  and  hence  do  not  wear  well. 

The  Kern  level  was  first  used  in  this  country  by  the  United  States 
Lake  Survey  in  1876,  and  was  retained  on  all  precise  leveling  under 
the  United  States  Engineer  Corps  prior  to  1899.  Fig.  1,  Plate  II, 
shows  the  most  improved  form,  though  the  older  levels  were  almost 
the  same  except  that  the  mirror  was  fastened  at  one  end  of  the  level 
tube  case,  and  did  not  permit  of  reading  the  level  tube  direct  and 
reversed. 

The  Kern  level  is  undoubtedly  the  oldest  high-grade  instrument 
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made,  and  has  maintained  its  excellence  to  the  present  day,  being 
exceeded  by  none  in  quality  of  material  and  -workmanship,  though 
being  somewhat  superseded  in  details  by  the  Buff  and  Berger  level 
designed  by  Professor  Mendenhall. 

c.  The  French  Government  Level. — This  level,  shown  in  Fig.  2,  Plate 
H,  was  made  by  A.  Barthelemy,  of  Paris,  and  used  on  the  Nivellement 
General  of  France.  It  is  an  instrument  of  somewhat  different  type 
from  those  just  described.  The  illustration  is  taken  from  a  j^hoto- 
graph  of  the  level  at  the  CoUege  of  Civil  Engineering,  Cornell 
University. 

With  the  excej^tion  of  the  level  tube,  this  instrument  is  almost 
exactly  like  the  Kern  level,  and  all  criticisms  offered  regarding  the 
latter  level  ajJiJly  equally  to  the  French  level.  Hence,  it  will  be  suf- 
ficient to  describe  only  the  exceptional  construction  of  the  level  tube, 
which,  in  a  general  way,  may  be  said  to  rej^resent  a  most  compli- 
cated solution  of  one  of  the  least  troublesome  features  of  a  precise 
level. 

The  idea  in  this  level  tube  is  to  produce  an  image  of  the  bubble 
which  may  be  seen  from,  or  near,  the  eyepiece  of  the  telescope  with- 
out parallactic  error.  To  accomjslish  this,  the  image  of  each  end  of 
the  bubble  is  carried  by  adjustable  prisms,  attached  to  the  horizontal 
frame  of  the  level  tube,  to  a  trough  near  the  eye  end  of  the  telescojie, 
in  which  four  other  prisms  carry  these  images  to  an  eyepiece,  seen  to 
one  side  of  the  telescope  eyepiece.  This  is  certainly  a  comi?licated 
solution  of  a  small  difficulty  so  readily  solvable  by  an  ordinary  mirror, 
as  is  done  in  the  two  levels  jireviously  described.  That  the  parallax 
of  the  bubble  image  in  an  inclined  mirror  can  be  easily  prevented, 
and  that  even  when  allowed  to  exist  it  eliminates  itself  from  the  work 
when  back  and  fore  sights  are  made  equal,  will  be  shown  later. 

However,  granting,  for  the  present,  that  such  a  complicated  de- 
vice were  necessary,  it  is  readily  seen  that  the  manner  in  which  it  is 
here  applied  is  not  at  all  satisfactory,  because  the  two  eyepieces  are 
about  25  mm.  or  1  in.  apart,  and  hence  the  bubble  cannot  be  observed 
at  the  instant  of  taking  the  rod  reading,  which  fact  is  far  more  ob- 
jectionable than  a  slight  parallax.  Also,  in  reversing  the  level  tube 
the  prisms  over  the  level  must  be  reversed  and  refocused,  which  con- 
sumes time  and  is  apt  to  disturb  the  instrument. 

As  will  be  seen  from  Table  No,  1,  this  instrument  is  not  nearly  as 
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delicate,  in  point  of  magnifying  power  and  level  tube  curvature,  as 
are  those  pre%'iously  described. 

d.  The  United  States  Coast  and  Geodetic  Survey  Level— This  instra- 
ment,  shown  in  Fig.  1,  Plate  HI,  was  designed  and  made  in  the 
shops  of  the  Survey,  and  represents  the  type  of  level  used  by  this 
bureau  of  the  Government  prior  to  1899.  Some  changes  in  this  instru- 
ment, as  also  in  the  field  methods  used  by  the  Survey,  have  been 
made  recently,  but  these  have  not  yet  been  made  public,  and  hence 
only  a  j^assing  reference  will  suffice  to  point  out  a  few  of  the  most 
striking  features  which  are  different  from  other  high-grade  levels. 

The  general  design  does  not  differ  materially  from  the  Swiss  instru- 
ment. There  is  no  means,  either  by  mirror  or  otherwise,  of  observing 
the  bubble  simultaneously  with  the  rod,  which  is  a  very  serious  omis- 
sion. Also,  there  is  no  coarse  level  for  approximate  setting  of  the  in- 
strument, and  hence  this  must  be  done  with  the  striding  level  in  two 
positions,  which  is  a  slow  process.  A  novelty  (supposedly)  is  intro- 
duced by  a  system  of  bearings  or  wyes,  inside  the  principal  wyes,  for 
the  purpose  of  raising  the  telesco^je  off  its  supj)orts  while  it  is  being 
revolved  on  its  horizontal  axis,  to  prevent  the  wear  usually  attending 
this  manipulation.  However,  as  has  been  intimated,  and  as  will  be 
brought  out  more  clearly  in  another  place,  this  is  not  necessary,  be- 
cause the  wear  of  the  collars  does  not  influence  the  relation  existing 
between  the  level  tube  and  the  telescope,  except  when  the  tube  con- 
tact and  the  wye  points  of  supports  are  on  the  same  circles  of  the  tele- 
scope collars,  which  is  seldom  the  case  and  should  be  avoided  in  all 
instrument  designs. 

e.  The  Masmchusetts  State  Survey  Level. — This  instrument,  shown  in 
Fig.  2,  Plate  III,  was  constructed  by  Messrs.  Buff  and  Berger,  of 
Boston,  Mass.,  and  used  also  by  the  United  States  Geological  Survey. 
It  is  not  really  a  precise  level,  but  merely  a  good  common  level. 

This  instrument,  in  principle  very  much  like  that  shown  on  Plate 
n.  embodi.es  most  of  the  features  of  a  precise  level,  but,  without  a 
striding  level  tube,  it  cannot  be  considered  as  such.  The  focusing 
is  accomplished  by  motion  of  the  objective,  which  is  somewhat  incon- 
venient to  the  observer.  This  instrument  could  readily  be  altered  to 
become  a  very  good  level  for  precise  or  common  work  merely  by  re- 
moving the  fixed  level  and  replacing  it  with  one  that  can  be  used  as 
a  combined  striding  and  fixed  level,  as  is  done  on  the  Buff  and  Berger 
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])liiue  table  alidatle.     However,  the  mirror  should  not  be  omitted,  aud 
the  form  used  in  Plate  II  would  be  preferable  to  that  here  used. 

The  properties  of  the  live  instruments  just  described  are  given  in 
Table  No.  1. 

3.  Salient  Features  of  a  Precise  Level. 

For  a  general  criterion  or  standard  of  excellence  of  a  precise  level 
the  following  will  serve  as  a  guide: 

The  telescope  should  be  about  420  mm.  long,  have  an  aperture  of 
about  38  mm.,  and  a  magnifying  jaower  of  about  50  diameters.  It 
should  be  readily  reversible  and  invertible  in  its  cradle  supports. 
The  focusing  should  always  be  accomplished  by  movement  of  the  eye- 
piece, and  the  latter  should  be  absolutely  free  from  all  lost  motion 
and  wobbling.  The  position  of  the  telescope  in  the  cradle  should  be 
regulated  by  adjustable  stops  (but  no  clamps),  so  that  the  threads 
may  be  made  exactly  horizontal  when  the  telescope  is  normal  or 
inverted.  The  thread  distance  of  extreme  wires  should  be  1 :  200,  or 
5  mm.  i^er  meter  of  distance.  There  should  be  one  vertical  and  three 
horizontal  threads,  and  the  two  half  intervals  should  be  as  nearly 
equal  as  possible. 

The  level  tube  should  have  a  curvature  of  about  2  seconds  per 
division  of  2  mm.,  have  an  air  chamber,  and  be  adjustable  vertically 
and  laterally.  The  bubble  must  be  surmounted  by  an  adjustable  mirror, 
so  that  parallax  is  eliminated  in  both  positions  of  the  level  and  mirror. 

The  level  tube  should  rest  on  the  telescope  collars  on  four  points 
w^hich  are  not  on  the  circles  passing  through  the  points  of  contact 
between  these  collars  and  the  cradle  supports.  The  tube  should  be 
guided  laterally  and  horizontally,  so  that  the  contact  points  between 
it  and  the  collars  shall  remain  the  same,  but  it  shall  be  otherwise  free 
so  that  reversals  may  be  readily  made  without  any  unclamping,  etc. 

The  cradle  support,  taking  the  place  of  the  wyes  of  an  ordinary 
level,  should  swing  vertically  about  a  center  in  the  vertical  axis  of 
the  instrument,  so  that  releveling  will  not  change  the  elevation  of  the 
telescojie.  The  cradle  should  be  movable  by  means  of  a  large  micro- 
meter screw  working  against  a  counter  spring.  The  instrument 
should  be  supplied  with  a  small  watchglass  level  for  approximate  and 
quick  leveling  (not  for  taking  readings),  thus  leaving  the  micrometer 
only  for  fine  setting  for  each  individual  rod  reading. 
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4.   Precise  Level  Rods. 

Like  the  levels,  the  style  of  rod  has  passed  through  many  stages 
of  evolution,  and,  even  at  this  time,  widely  different  opinions  exist 
in  regard  to  the  best  material,  cross-section,  graduation,  etc.,  to  be 
used. 

a.  The  Material. — This  has  generally  been  wood,  and  clear,  white 
pine  seems  to  have  received  the  preference.  Various  methods  of 
treating  the  wood  have  been  used  and  advised,  and  the  whole  matter 
appears  to  be  resting  more  or  less  on  individual  opinions. 

The  usual  treatment  consists  of  several  coats  of  linseed  oil  covered 
by  several  coats  of  white  zinc  paint.  This  treatment  has  given  good 
satisfaction,  generally,  and  the  old  Lake  Survey  rods,  made  by  Kern 
&  Company,  thus  prepared,  have  given  excellent  results  and  with- 
stood hard  usage  for  the  past  24  years.  The  United  States  Coast  and 
Geodetic  Survey,  in  1895,  prepared  two  pine  rods  by  immersion  in 
hot  paraffin  until  they  had  increased  from  70  to  95%  in  weight. 
Similar  rods,  recently  made  for  the  United  States  Geological  Survey 
by  Messrs.  W.  and  L.  E.  Gurley,  of  Troy,  X.  Y. ,  were  treated  with 
paraffin  to  a  penetration  of  about  3  mm. 

However,  the  experience  with  paraffin  rods  would  go  to  show  that 
this  treatment  causes  the  wood  to  become  soft,  and  jirevents  the  per- 
fect adhesion  of  paint.  A  jiartial  saturation  with  linseed  oil  would 
not  injure  the  wood,  as  the  oil  soon  hardens  and  thus  lessens  the 
hygroscopic  property  of  the  wood.  The  oiled  wood  is  also  weU  pre- 
pared to  hold  the  white  paint,  which  latter  is  claimed,  by  Colonel 
Goulier,  to  assist  materially  in  lessening  the  effect  due  to  moisture. 
According  to  the  determinations  of  the  United  States  Coast  and 
Geodetic  Survey,  the  paraffin  treatment  would  appear  to  increase  the 
coefficient  of  expansion  of  pine  wood  about  50%,*  which  would  be 
another  undesirable  feature  of  this  process. 

b.  Cross-Sections.  —Various  cross-sections  have  been  used  for  level- 
ing rods,  but  the  general  consensus  of  opinion  tends  toward  a 
T-section,  unless  the  graduation,  or  other  appliances,  like  targets, 
influence  the  choice. 

c.  (xraduation.— The  style  of  graduation  depends  on  whether  a  target 

rod  is  used  or  a  self -reading  rod.     For  the  former,  any  common,  easily 

*NoTE  (added  by  author  after  reading  discussions. )— This  is  an  error-  there  is  no 
appreciable  cliange. 
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readable  scale,  with  vernier,  will  answer.  Perbai)s  tlie  most  elaborate 
target  rods  ever  constructed  are  those  designed  bv  the  United  States 
Coast  and  Geodetic  Survey.* 

The  rod  used  on  the  general  levels  of  Fi-ance,  and  designed  by 
Col.  Goulier,  is  mote  on  the  order  of  a  self-reading  rod,  with  the 
smallest  graduation  of  2  mm.  However,  the  gi-aduations  are  not 
well  adapted  to  close  estimation,  being  more  on  the  principle  of  line 
graduation.  This  rod  has  a  very  ingenious  device  for  making  temper- 
ature corrections,  which  consists  of  a  metallic  thermometer  of  iron 
and  brass  bars  attached  to  the  bottom  of  the  rod  and  allowed  to 
expand  upward.  Snch  a  rod  forms  part  of  the  collection  of  the 
Department  of  Civil  Engineering  of  Cornell  University. 

The  Kern  level  rods,  previously  referred  to,  ai-e  graduated  to  centi- 
meters by  a  double  system  of  black  and  white  figures,  upon  which  it 
is  intended  to  estimate  at  least  to  millimetei-s.  After  much  practice 
and  study  of  the  subject  of  estimating,  a  careful  observer  can  estimate 
to  from  0.2  to  0..5  mm.  for  sights  np  to  80  m.  with  a  magnifying  power 
of  50  diameters,  though  this  is  a  difiicult  task,  requiring  exceptional 
eyesight  and  long  practice.  Few  observers  ever  reach  siach  precision. 
However,  these  rodsi  were  used  on  all  the  work  done  iiuder  the  Corps 
of  Engineers,  United  States  Army. 

Without  stopjiing  to  quote  niimerous  opinions  of  others,  the 
following  brief  argument  is  presented  to  show  the  sxiperior  practica- 
bility of  self-reading  rods  over  target  rods.  In  general,  with  a  good 
instrument  and  well  adapted  rod  graduation,  the  position  of  a  thread 
on  the  rod  can  be  as  sharply  read  as  it  is  possible  to  set  a  tai'get, 
because  the  space  covered  on  either  rod  or  target  by  the  thread  itself 
vitiates  a  target  setting  more  than  a  direct  estimation.  The  target, 
wherever  set,  can  be  read  with  a  vernier  or  other  fine  device,  but  such 
accuracy  will  be  farcical,  not  real.  Hence,  if  there  is  to  be  an  error 
in  pointing  it  might  as  well  be  made  in  the  rod  reading  as  in  the  tai-get 
setting. 

Further,  the  accuracy  of  direct  reading,  so  far,  has  been  found  to 
be  well  ^\-ithin  the  limits  of  attainable  accui-acy,  owing  to  many  condi- 
tions of  atmosphere  and  instruments  used. 

With  a  suitable  graduation,  the  probable  error  of  repeated  point- 

*  Described  and  illustrated  on  page  381  of  the  Survey  report  for  1886. 
+  Further  description  and  illustration  of  this  rod  mav  be  found  in  Transactions,  Am. 
See.  C.  E.,  Vol.  xzzlx,  p.  421. 
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ings  made  on  a  target  and  duplicated  on  a  self-reading  rod,  sLoav  no 
superiority  of  the  former  even  when  only  one  thread  is  read  on  the 
latter.  With  precise  methods,  however,  it  is  necessary,  for  other 
reasons,  to  read  three  threads,  and  then  the  accuracy  attainable  with 
the  self-reading  rod  is  far  higher. 

The  most  important  feature  of  the  self-reading  rod,  however,  is 
the  rapidity  and  absolute  control  of  the  instrument  which  the  observer 
enjoys  when  he  is  independent  of  all  actions  of  the  rodman,  save  that 
the  latter  shall  hold  his  rod  plumb  and  quiet.  With  this  system  alone 
is  it  j)ossible  for  the  observer  to  take  the  responsibility  of  his  work 
and  follow  the  now  generally  accepted  method  of  observing  with  the 
babble  in  the  center. 

It  may  be  added  that  ordinary  work  can  be  done  with  greater  accu- 
racy with  a  self-reading  rod  than  with  a  target  rod,  and  usually  the 
readings  can  be  taken  in  less  time  than  is  required  to  set  the  target 
only  apjjroximately  correct.  Hence,  the  self-reading  rod  deserves 
decided  preference  for  all  classes  of  work,  from  the  coarsest  to  the 
finest.  There  is  only  one  exception  known  to  the  writer,  and  that  is 
on  construction  work,  where,  for  instance,  a  number  of  piles  should 
be  sawed  off  at  the  same  level,  or  such  similar  cases,  when  a  target  rod 
would  come  handy,  although  many  errors  are  attributed  in  such  cases 
to  slipping  or  erroneous  setting  by  the  rodman. 

d.  New  Self -Reading  Rod. — A  new  self- reading  rod,  designed  by  the 
writer  in  1899,  is  illustrated  in  Figs.  1,  2  and  3.  This  design  is  the 
result  of  much  experience  and  careful  study,  and  involves  the  simplest 
figures  which  are  discernible  at  the  greatest  distance. 

The  design  is  based  strictly  on  the  self-reading  principle,  and  thus 
enables  the  observer  to  read,  practically  without  counting  anything, 
from  the  coarsest  down  to  the  finest  graduation.  The  fraction  of  the 
smallest  graduation  (2  mm.)  is  then  estimated  with  a  precision  pro- 
portional to  the  distance  and  the  quality  of  the  instrument  used. 
This  rod  is,  therefore,  well  adapted  to  the  coarsest  as  well  as  the 
finest  kind  of  work. 

By  exercising  great  care,  good  readings  may  be  obtained  from  1-cm. 
graduations,  but  the  faculty  for  close  estimating  soon  tires.  Hence,  to 
increase  the  general  accuracy  of  the  work,  lessen  the  strain  on  the 
observer,  and  facilitate  progress,  a  self-reading  rod  with  2-mm.  unit 
graduations  is  considered  necessary. 
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Dimensions  are  in  centimeters 


Fig.  1. 
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The  following  specifications  for  a  pair  of  such  rods  will  suffice  to 
give  a  good  description  of  the  rod  and  its  apjjurtenances: 

"  Two  level  rods  complete,  each  with  handles,  spirit  level,  jjlumb- 
bob  and  thermometer,  shall  be  furnished,  packed  in  a  light  pine  box 
provided  with  Jjinged  cover  and  locks.  The  size  of  rods  and  style 
of  graduation  is  shown  on  the  sketch  hereto  attached  (see  Figs.  1,  2 
and  3j. 

"  A  flexible  steel  scale,  4  m.  long,  divided  into  centimeters,  except 
the  first  10  decimeters,  which  shall  be  dii-ided  into  millimeters,  shall 
be  furnished  on  a  reel  8  ins.  in  diameter  and  mounted  in  a  neat  carry- 
ing case,  provided  with  a  handle  and  lock  cover.  The  scale  shall  be 
numbered  by  decimeters  from  0  to  4(J.  The  reel  shall  be  so  mounted 
in  the  case  as  to  permit  of  drawing  out  and  winding  up  the  scale  without 
removing  the  reel  from  the  case.  A  thermometer,  as  specified  below, 
shall  be  furnished  with  this  scale,  and  be  attached  to  the  case. 

"  The  rods  shall  be  made  of  the  best  seasoned  white  pine  wood, 
well  imiJregnated  with  linseed  oil  and  then  dried,  preferably  by  appli- 
cation of  slight  heat.  The  beaded  edges  of  the  rod  shall  be  made  of 
clear  hard  maple  or  oak,  similarly  treated.  After  the  rods  have  }>een 
thorougly  sandpaj^ered,  especially  the  faces  to  be  graduated,  they 
shall  be  jjaiuted  a  sufficient  number  of  coats  of  best  white  zinc  paint 
and  thoroughly  dried,  after  which  they  may  be  graduated,  as  shown 
on  the  drawing. 

"  The  2-mm.  graduations  shall  be  accurately  marked  on  the  painted 
rods  by  a  graduating  machine,  and  the  figures  afterward  constructed 
on  this  graduation  shall  be  painted  black. 

"Each  rod  shall  >>e  provided  with  a  pair  of  detachable  handles  and 
a  watchglass  level  capable  of  easy  adjustment.  These  shall  be  securely 
fastened  to  the  rod,  where  indicated  on  the  sketch,  by  a  very  substan- 
tial fastening,  using  small  l)rass  bolts  instead  of  wood  screws.  All 
metal  parts  and  trimmings  shall  be  of  brass. 

"The  pin  at  the  foot  of  each  rod,  together  with  its  yoke,  shall  be 
cast  from  l>est  phosidior-bronze,  free  from  lead  and  very  hard.  This 
pin  shall  be  truly  faced,  making  its  bottom  surface  perpendicular  to 
the  axis  of  the  rod.  Otherwise  the  pin  shall  be  dressed  on  an  emery 
wheel  and  be  rigidly  connected  to  the  foot  of  the  rod  by  brass  bolts. 
The  distance  between  the  bottom  of  this  jjin  and  the  zero  of  gradua- 
tion must  be  made  exactly  equal  in  the  two  rods. 

"A  mercurial  thermometer,  registering  half  degrees  Centigrade 
between  +  50"^  and  —  15^  (No.  245,  Catalogue,  H.  J.  Green)  shall  be 
inlaid  in  the  wood  of  each  rod  and  be  covered  by  a  small  glass  jjlate. 
This  thermometer  shall  be  placed  near  and  over  the  spirit  level.  A 
similar  thermometer  shall  be  provided  with  the  flexible  steel  scale 
and  be  fastened  inside  the  case. 

"A  small  plumb-bob,  not  larger  than  1  in.  in  diameter,  shall  be 
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furuishoil  with  cacb  rod,  aucl  the  rods  shall  be  provided  with  small 
brass  points  and  hooks  between  which  the  plumb-bob  may  be  swung 
when  the  spirit  level  is  being  adjusted.  Such  a  pin  point  is  shown  in 
I>hiu,  iu  Fig.  3. 

"The  two  rods,  with  handles,  spirit  levels,  plumVibobs,  etc.,  shall 
be  packed  neatly  in  a  light  but  durable  pine  box,  in  which  they  may 
be  transported  and  preserved.  Care  should  be  taken  to  maintain  the 
smallest  possible  dimensions  for  this  box,  as  it  is  not  desirable  to  have 
this  part  of  the  outfit  unnecessarily  heavy." 

Headings  taken  on  this  gradiiation,  with  Buff" 
and  Berger  Precise  Level  No.  2768,  showed  that 
the  greatest  error  in  a  single  reading  would 
vary  from  0.2  to  0.4  mm.  for  distances  of  from 
10  to  85  m.,  respectively.  The  steel  scale  is 
intended  for  tri-daily  rod  comparisons  to  furnish 
the  error  of  rod  length  and  temperature  correc- 
tion to  be  applied  to  the  work.  The  same  scale  is 
also  intended  to  rejilace  the  rod  when  reading  on 
bench-marks  on  which  the  rod  cannot  be  held. 

e.  Precise  Level  Rod  Supports. — The  supports 
which  have  given  the  best  satisfaction  consist  of 
steel  pins,  as  shown  in  Fig.  4.  These  pins  are 
driven  into  the  ground  with  a  wooden  mallet, 
and,  with  ordinary  care,  furnish  a  support  which 
is  as  safe  as  a  temporary  bench-mark.  There 
has  never  been  the  slightest  indication  of  heav- 
ing or  settling  when  these  pins  were  used. 

The  general  idea  of  using  a  steel  pin  was 
originated  in  France  and  Germany  many  years 
ago,  but  the  form  here  illustrated,  with  a  slightly 
different  head,  was  first  used  by  J.  B.  Johnson, 
M.  Am.  Soc.  C.  E.,  United  States  Assistant 
Engineer,  in  1881. 

It  is  needless  to  take  up  the  discussion  of  pins  versus  iooi-yAaXea,  as 
the  latter  are  considered  entirely  out  of  date. 
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All  dimensiona  arc  in  Inches. 


I VAr  —  A 

FORGED  STEEL  TURNING 

POINT  FOR  PRECISE 

LEVELING. 

Fig.  4. 


Bench-Mabks. 
Two  classes  of  bench-marks  are  generally  used  in  precise  leveling, 
the  jjermanent  and  the  temporary.     The  former  are  designed  for  per- 
manent and  lasting  record,  while  the  latter  are  necessary  only  in  carry- 


18  MOLITOR   ON    PRECISE   SPIRIT   LEVELING. 

ing  the  work  between  the  permanent  benches,  and  thus  serve  only  a 
temporary  purpose. 

According  to  American  practice,  the  temporary  benches  are  made 
by  driving  a  60-penuy  wire  spike  in  the  root  of  a  large  tree,  the  root 
being  first  dressed  oflf  with  a  hatchet.  Frequently,  large  boulders  are 
found  which  are  preferable  to  trees.  With  a  cold  chisel,  a  smooth, 
rounded  surface  is  worked  on  a  suitable  part  of  the  boulder,  and 
this  point  is  enclosed  by  a  square,  likewise  cut  into  the  stone.  These 
benches  are  always  numbered  so  as  to  preserve  their  identity  for  some 
time. 

The  permanent  bench-marks  are  placed  either  on  substantial  per- 
manent public  or  private  buildings,  on  bed-rock,  or  subterraneous 
monuments  of  stone  or  concrete.  The  mark  itself  generally  consists 
of  a  i-in.  copper  or  brass  bolt  cemented  into  the  structure  or  monu- 
ment, and  is  placed  horizontally  or  vertically  as  each  case  requires. 

The  horizontal  bolts  are  made  square  ended,  cemented  flush  with 
the  masonry  and  marked  with  a  tine  center  punch  mark  for  the  eleva- 
tion jjoint.  The  vertical  bolts  are  round  headed  and  made  to  project 
about  i  in.  above  the  stone.  The  name  and  number  of  each  bench  is 
chiseled  into  the  stone  near  the  mark. 

The  American  public  has  not  yet  reached  the  generally  high  regard 
and  appreciation  for  scientific  work  found  to  exist  in  Germany  and 
France,  and,  for  this  reason,  it  is  not  always  prudent  to  place  marks, 
intended  for  permanence  and  security,  in  plain  sight.  Hence,  the 
subterraneous  monuments,  while  they  are  more  difficult  to  describe 
and  find,  are  by  far  the  most  permanent. 

In  the  more  advanced  Euroijean  countries  the  permanent  benches 
are  always  i^laced  in  plain  sight  and  provided  with  a  cast-iron  or 
bronze  name  ^jlate,  giving  the  name  of  the  department  by  which  estab- 
lished, the  name  of  the  bench  and  its  elevation  in  meters  above  mean 
sea  level  or  normal  datum  plane.  For  Gennany,  this  datum  is  the 
permanent  bench-mark  of  the  Berlin  Astronomical  Observatory,*  at 
elevation  37  m. 

The  United  States  Geological  Survey  has  adopted  a  uniform  sys- 
tem of  permanent  bench-marksf  which  is  similar  to  some  forms  used 
in  France  and  Germany.     While  it  is  sought  to  overcome  the  many 

*  "  Handbuch  der  Vermessungskiinde,"  by  Dr.  W.  Jordan,  Vol.  2,  p.  456. 
t  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  342. 
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ilestnictive  teudoncies  of  our  population  by  specifying  the  fine  for  dis- 
turbing these  marks,  it  is  needless  to  add  that  the  offence  must  be 
proven  before  a  fine  or  other  punishment  can  be  imposed,  and  to 
this  extent  little  is  accomplished  by  the  law.  The  safe  plan  is  to 
conceal  bench-marks  in  such  a  manner  as  not  to  invite  the  maliciously 
inclined  to  do  mischief.  Yet,  this  condition  will  probably  be  improved 
in  the  course  of  time,  and  it  may  become  safe  to  adopt  such  a  form 
of  bench  for  general  use. 


45-- 

1:20  1:2 

Fig.  5.  Fig.  6. 

There  are  many  instances  where  bed-rock  or  permanent  buildings 
are  not  available,  and  then  the  subterraneous  monument  forms  the 
best  and  safest  bench-mark.  A  cast-iron  surface  marker  should  be 
used,  and  be  placed  in  some  definite  position  with  reference  to  the 
hidden  monument,  as,  for  instance,  5  ft.  south.  Such  a  bench  is 
illustrated  in  Fig.  5.  A  name-plate  suitable  for  this  or  for  buildings 
is  shown  in  Fig.  6,  and  is  quite  similar  to   the  Geological  Survey 
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mark.  When  the  name-plate  is  placed  in  a  vertical  wall,  the  point 
held  on  should  be  marked  by  a  fine  cross,  cut  as  shown,  though  this 
is  not  necessary  when  used  in  a  concrete  bench. 

The  number  can  be  stamped  on  the  name-plate  at  the  time  of 
placing  the  bench-mark,  and  the  elevation  would  best  be  supplied  on 
a  separate  plate,  which  could  be  fastened  with  two  small  screws. 

The  concrete  base  may  be  made  by  carefully  digging  a  hole  of  the 
required  diameter  and  depth,  tilling  it  to  the  desired  level  with 
cement  concrete,  and  finally  placing  the  name-plate  before  the  con- 
crete has  set. 

There  are  some  features  about  very  sensitive  spirit  levels,  as  used 
on  precise  leveling  instruments,  which  deserve  special  consideration. 


218-mm. 


-'C- 


LEVEL  TUBE  OF  BUFF  AND  BERGER  PRECISE  LEVEL,  No.  2768. 

sectional  view. 

Fig.  7. 


The  Splrit  Level. 

n.  Level  Tube.— The  level  tube  is  made  cylindrical,  of  extremely 
hard  glass,  and  is  then  ground,  generally  on  one  side  only,  to  the  arc 
of  a  circle,  whose  radius  varies  from  about  50  m.  to  several  hundred 
meters,  depending  on  the  desired  sensitiveness.  This  tube  is  filled 
with  absolute  sulphuric  ether,  with  the  exception  of  a  small  air  bubble, 
the  length  of  which  may  be  read  on  a  scale  graduated  on  the  glass 
tube.    The  ends  of  the  tube  are  closed  by  fusing  (never  by  cement),  and 
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uear  oue  end  a  ground  pjlass  disc  with  u  small  uolch  is  inserted  in  the 
tube  to  form  an  air  chamber  by  which  the  length  of  the  bubble  may 
be  regulated  (see  Fig.  7).  The  length  of  the  level  tube  should  be 
about  200  mm.,  and  its  external  diameter  about  19  mm. 

The  numbering  of  the  graduations  of  the  level  is  generally  from 
the  center  toward  the  ends,  though  some  makers  have  adopted  a  con- 
tinuous numbering  from  one  end  to  the  other.  The  writer  has  used 
both  styles  and  has  reached  the  conclusion  that  for  spirit  leveling  the 
graduation  from  the  center  is  far  more  i^referable,  and  does  away  with 
all  reductions  to  the  center  necessary  with  the  new  style.  The 
■chances  of  misreading  or  erroneous  centering  are  also  much  greater 
for  the  continuous  graduation.  The  only  argument  in  favor  of  the 
latter  is  that  the  reading  identifies  the  end  of  the  level,  but  in  spirit 
leveling  this  is  not  important  except  when  reading  bubble  displace- 
ments, which  is  done  only  in  connection  with  determinations  of  instrii- 
ment  constants. 

The  level  tube  is  encased  in  a  metal  tube  and  is  held  in  this  tube 
at  one  end  by  slight  screw  pressure  against  blotting  paper  or  cork 
wrapping  on  the  glass  tube,  and  the  other  end  is  left  free  to  slide  on 
two  points  against  which  the  glass  tube  is  pressed  by  a  spring.  In  no 
instance  should  the  glass  tube  be  cemented  into  the  metal  tube  at 
either  end.  Such  rigid  fastening  is  likely  to  break  the  tube,  and 
jjrevents  its  keeping  in  adjustment. 

This  metal  case  is  carried  in  the  casing  proper,  or  frame,  in  which 
the  level  tube  may  be  adjusted  laterally  at  one  end  and  horizontally 
at  the  other  end. 

b.  Sensitiveness  of  the  Level  Tube. — The  sensitiveness  of  the  level 
tube  dejiends  on  the  curvature  of  the  tube  and  the  length  of  the 
bubble.  There  may  also  be  irregularities  due  to  improper  grinding. 
Orit,  not  properly  removed  from  the  tube  after  grinding,  or  corrosion 
of  the  glass  by  the  ether,  may  cause  unevenness  in  the  movements  of 
the  bubble. 

The  angular  value  corresponding  to  a  movement  of  the  bubble 
■over  a  distance  of  one  graduation  (generally  2  mm. )  may  be  found  by 
the  use  of  a  level  trier,  or  by  rod  readings  taken  with  different  posi- 
tions of  the  bubble.  The  level  trier  is  very  convenient,  and  especially 
well  adapted  to  test  the  uniformity  in  grinding  over  the  entire  length 
of  the  tube.     However,  for  field  use  the  rod  readings  are  preferable 
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and  quite  as  accurate,  and  the  curvature  thus  determined  represents 
more  nearly  the  actual  condition,  compared  with  indoor  measurements 
on  a  level  trier. 

The  bubble  shoiild  be  retained  at  an  almost  constant  length  of 
about  half  the  length  of  the  ground  portion  of  the  level  tube.  This 
makes  the  air  chamber  of  i^rime  necessity. 

A  short  biibble  has  a  very  sluggish  movement  even  in  the  most 
sensitive  tubes.  This  is  caused  by  the  high  friction  along  the  glass 
compared  to  the  slight  lifting  power  of  the  small  bubble.  There  is 
no  danger  from  excessively  long  bubbles  except  the  practical  limit  of 
the  graduation. 

According  to  Reinhertz,  a  level  tube  of  10.8  seconds  per  division  of 
2  mm.  gave  the  mean  error  of  position  of  bubble  for  different  lengths 
of  bubble  as  follows: 

Length  of  bubble 4.9     13.3    22.2    28. 9  divisions ; 

Mean  error  of  position. ...   1.0      0.5      0.3       0.3  seconds  of  arc. 

The  sensitiveness  best  suited  to  high-grade  work  is  between  2  and 
5  seconds  per  2-mm.  division,  ranging  with  the  rigidity  of  the  instru- 
ment and  tripod,  the  ground  traveled  over  and  the  delicacy  of 
manipulation  of  which  the  observer  is  capable.  The  writer  has  found 
no  difficulty  in  using  a  2-second  level  tube  on  Buff  and  Berger  Level 
No.  2768,  even  in  windy  weather,  with  no  other  shelter  than  a  large 
wagon  umbrella. 

c.  Temperature  Effects  on  Level  Tubes. — The  sensitiveness  of  a  level 
changes  with  the  temperature.  Hence,  all  level  readings,  used  in 
such  a  manner  as  to  involve  the  value  of  the  level  graduation,  will 
have  a  temperature  correction  which  must  be  determined  previously, 
and  the  value  of  a  graduation  should  be  expressed  as  a  function  of 
temperature.  To  illustrate  this  effect,  the  following  figures  are  quoted 
from  experiments  by  Reinhertz: 

{t)  temperature,  degrees  Centigrade,  —2.2='  4-9.0O-|-  19.7°  -j-27.7o 
(r)  seconds  per  one  division  of  level,       8.46"   7.65"    6.12"    5.67" 

The  equation  representing  the  value  of  one  division  of  this  level 

for  any  temperature  within  the  observed  range  is  ??  =  8.2  —  tttt  seconds. 

Rapidly  changing  temperature  causes  much  annoyance,  and  intro- 
duces an  uncertainty  which  jirohibits  the  use  of  sensitive  levels,  even 
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wlien  sbndeil  bv  au  umbrella.     The  latter  should  always  be  used  on 
l)reeise  level  work. 

The  length  of  the  bubble  changes  materially  Avith  the  temi^era- 
ture,  and  the  rate  of  change  depends  on  the  sensitiveness  of  the  level. 
The  data  in  Table  No.  2,  taken  from  the  above-named  experiments, 
will  illustrate  this.  The  length  of  the  bubble  is  thus  inversely  pro- 
portional to  the  temperatiire. 

TABLE  No.  2. 


Length  of  Bubble  in 

Divisions. 

Value  of  level  per  division. 

Change  per 

Seconds. 

1°  C. 

0°  C. 

15°  C. 

30°  C. 

5 

33 

25 

18 

0.45  dlv. 

10 

30 

24 

18 

0.35 

15 

26 

22 

18 

0.28 

20 

24 

20 

17 

0.24 

30 

23 

20 

18 

0.18 

The  Telescope. 

A  brief  description  of  the  telescope  and  its  vital  parts  is  consid- 
ered necessary  to  a  clear  understanding  of  many  of  the  points  treated 
in  the  following. 

a.  The  Laws  of  the  Lens. — The  only  forms  of  lenses  used  in  tele- 
scopes for  surveying  purposes  are  the  double  convex  and  its  special 
case  of  plano-convex. 

The  axis  of  a  lens  is  the  line 
joining  the  centers  of  curvature 
of  its  two  surfaces,  and  in  a 
plano-convex  lens  the  axis  is 
perpendicular  to  the  plane  sur- 
face  and  jiasses  through  the 
center  of  curvature  of  the 
curved  surface. 

The  optic  center  of  a  lens 
is  the  point,  any  ray  passing 
through  which  suffers  no  angular  deviation.  The  only  point  satis- 
fying this  condition  is  on  the  optic  axis,  and  divides  the  thickness  of 
the  lens  proportionally  to  the  radii  of  curvature.  Hence  the  simple 
construction  in  Fig.  8,  for  finding  the  optic  center. 


Fig.  8. 
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The  radii  r  and  r'  are  drawn  parallel,  and  the  optic  center  0  is  at 
the  intersection  of  EE'  with  C  C".  The  ray  G  C  passes  through  the 
optic  center  and  is  not  bent  by  refraction,  while  the  ray  5  5',  not 
through  0,  is  refracted,  making  5  JEJ  ||  B'  E'.  It  is  readily  seen  that  in 
a  plano-convex  lens  the  optic  center  is  on  the  curved  surface  at  the 
intersection  with  the  optic  axis. 

The  focal  length  of  a  lens  is  found  from  the  following  formulas  : 

For  double  convex  lenses 

1 

/= 


For  plano-convex  lenses 


G+^) 


/  = 


in  which  7i  is  the  refractive  index  of  the 
radii  of  curvature  of  the  lens  surfaces. 


iss,  and  r  and  r'  are  the 


Fig.  9. 
The  rays  from  any  point  of  an  object  distant  B,  from  the   optic 
center  of  a  lens,  converge  to  a  focus  on  the  opposite  side  of  the  lens, 
forming  an  image  at  a  distance  d,  from   the  optic  center,  according  to 
the  general  law  expressed  bv 

D^  d'f 

Such  a  pair  of  points  are  called  conjugate  points,  and  all  rays  par- 
allel to  the  ojjtic  axis  of  a  lens,  or  jiassing  through  the  optic  center  of 
a  lens,  are  called  principal  rays. 

In  the  above  equation  w hen  D  —  a.  ,/  =  d,  giving  a  ready  means  of 
determining  the  focal  length  of  a  lens  by  direct  measurement.  When 
D  varies  between  infinity  and  2/,  d  >/,  and  the  image  is  always  in- 
verted and  demagnifled,  which  is  the  condition  of  an  objective  lens. 
For  values  of  D  between  zero  and/,  d  becomes  negative  and  the  image 
is  magnified  but  not  inverted,  which  is  the  case  of  a  magnifying  lens 
or  eyepiece. 

When  the  position  of  a  point  or  object  is  known  with  reference  to 
a  certain  lens,  the  conjugate  point  or  image  may  be  found  (Fig.  9)  by 
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ilrawing  the  two  priuci])al  rays  tlirougli  this  object;  thus  P  Q  parallel 
to  the  axis  of  the  leas  and  through  the  focus  F,  and  P  0  through  the 
optic  center  of  the  lens.  The  intersection,  p,  of  Q  F  produced  and 
F  0,  is  the  image  of  P.  This  construction  can  be  readily  made  when 
/  is  known,  and  applies  as  well  to  the  case  when  d  is  negative. 

To  correct  spherical  aberration  good  lenses  are  generally  made  with 
slightly  unequal  curvature  on  the  two  surfaces,  and  the  flatter  surface 
should  face  the  object. 

The  foregoing  general  jjrinciples  will  suflQce  to  make  the  construc- 
tion of  a  telescope  i:nderstandable. 

b.  The  Telescope.— The  telescope  consists  of  a  lens  forming  the  ob- 
jective at  0,  Fig.  10,  mounted  in  a  metal  tube  into  which  slides  a 
second  metal  tube  carrying  the  eyejjiece  lenses  at  ^and  the  reticule  at 
R,  which  latter  must  be  at  the  focus  of  the  objective. 
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TELESCOPE  OF  BUFF  AND  BERGER  PRECISE  LEVEL,  No.  2768. 
Fig.  10. 

The  eyepiece  lenses  are  arranged  so  that  they  may  be  focused  on 
the  threads  of  the  reticule,  and  both  are  made  to  move  together,  by 
rack  and  pinion  motion,  to  bring  the  reticule  to  the  focus  of  the  objec- 
tive. Thus  the  reticule  is  made  to  coincide  with  the  inverted  and 
demagnitied  image  of  the  objective  at  B,  and  both  are  seen  through 
the  magaifying  lens  (or  lens  combination)  of  the  eyepiece.  Hence, 
the  image  in  such  a  telescope  is  always  inverted  unless  a  special  set  of 
erecting  lenses  is  added  to  the  eyepiece,  which  is  not  ad^-isable,  owing 
to  loss  of  distinctness  and  loss  of  light  caused  thereby. 

The  tube  of  the  eyepiece  must  slide  in  the  telescope  tube  without 
lateral  play  and  in  a  straight  line.  To  insure  this,  the  eyepiece  slide 
should  be  very  nearly  the  full  length  of  the  telescope  and  be  pressed 
against  one  side  of  the  telescope  tube  by  four  springs  -S',  placed  in 
pairs  120-  apart. 

The   entire   telescope   is   supported   on    agate  points  of  a   cradle 
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against  steel  collars  C  and  C  of  exactly  equal  diameters,  and  rigidly 
connected  witli  the  tube  of  the  objective  forming  the  body  of  the 
telescope.  The  entire  telescope  can  thus  be  revolved  about  an  axis 
passing  through  the  centers  of  the  two  collars.  This  axis  is  the  axis 
of  the  telescope  or  axis  of  collimation,  and,  in  a  perfect  instrument, 
the  optic  centers  of  all  the  lenses  and  the  center  of  the  reticule  should 
be  on  this  axis. 

The  line  joining  the  optic  centers  of  the  eyepiece  and  objective  is 
termed  the  optic  axis.  The  line  of  sight  is  the  line  joining  the  optic 
center  of  the  objective  with  the  center  of  the  reticule,  and  is  inde- 
pendent of  the  position  of  the  eyepiece,  and  not  coincident  with  the 
axis  of  the  telescope,  unless  made  so  by  the  maker  and  by  adjust- 
ment. The  extent  to  which  this  may  be  accomplished  will  be  shown 
later. 

c.  The  Objective. — The  objective  consists  of  a  double  convex  lens  of 
crown  glass  cemented  to  a  concavo-convex  or  plano-concave  lens  of 
flint  glass,  supjilying  the  very  essential  property  of  achromatism. 
This  combination  may  be  regarded  as  a  double  convex  lens,  for  all 
practical  purposes,  and  should  have  a  long  focal  length  so  as  to  give 
the  largest  jjossible  inverted  image.  The  laws  of  the  simj^le  lens 
apiily  also  to  this  combination. 

The  diameter  of  the  objective  governs  the  illuminating  power  of 
the  telescope,  and  for  this  reason  the  objective  lens  should  be  as  large 
as  possible,  consistent  with  other  details  of  construction.  Neglecting 
loss  of  light  from  obstructions  in  the  lens  itself  and  color  effect,  the 
relative  illuminating  jsower   of  a  telescope   is  approximately  repre- 

sented  by  i  =  - — -,  where  S  =  diameter  of  objective  in  millimeters, 
o  m- 

and  rti  =  magnifying   power   of  the  telescope   in   diameters.      The 

natural  illumination  is  taken  as  unity. 

d.  The  Eyepiece. — The  eyepiece  may  consist  of  a  single  lens  or  a 
combination  of  lenses.  The  single  lens  is  subject  to  spherical  and 
chromatic  aberration,  and  is,  therefore,  inferior  to  the  combinations 
which  are  designed  to  avoid  either  or  both  of  these  defects.  The 
Ramsden  eyei^iece,  consisting  of  two  plano-convex  lenses  with  the 
convex  surfaces  toward  each  other,  corrects  spherical  aberration,  but 
is  not  achromatic,  while  the  Kellner  and  Steinheil  combinations  are 
both  achromatic  and  free  from  aberration. 
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The  eyepiece  is  simply  a  magnifier  of  the  image  formed  by  the 
objective,  and,  as  such,  does  not  influence  the  errors  of  the  telescope. 
Very  bad  mounting  would  interfere  with  the  sharpness  of  definition 
in  parts  of  the  field  of  view,  and  should  be  avoided,  to  the  extent  of 
obtaining  sharp  definition. 

The  focal  length  of  a  compound  eyepiece  is  expressed  in  terms  of 
the  focal  lengths  of  its  respective  lenses  and  the  distance,  a,  between 
their  optic  centers,  by  the  following  formula: 

e.  The  Reticule. — This  was  invented  by  William  Gascoigne  in  1640, 
and  consists  of  a  ring  interposed  in  the  eyei^iece  slide  of  the  telescope 
perpendicular  to  the  telescope  axis.  It  is  made  adjustable  hoiizon- 
tally  and  vertically  by  four  cajistan  screws,  Fig.  10  (a.)  Four  spider 
threads  are  mounted  on  this  ring,  one  vertical  and  three  horizontal. 
The  two  extreme  horizontal  threads  are  used  for  distance  determina- 
tions, and  incidentally  give  a  means  of  increasing  the  number  of 
readings  to  eliminate  errors  of  estimation.  They  serve  an  almost 
indispensable  i^urpose  in  avoiding  misreadings.  The  intersection  of 
the  mean  horizontal  and  the  vertical  threads  marks  the  aiming  point 
on  the  line  of  sight  for  the  eye-end  of  the  telescope. 

The  interval  between  the  extreme  horizontal  threads  is  so  chosen 
that  the  intercept  formed  by  them  on  a  vertical  scale  or  rod  is  some 
even  fraction  of  the  distance  of  such  rod  from  the  instrument.  Owing 
to  the  high  magnifying  power  of  the  eyepiece  generally  used  on  pre- 
cise levels,  this  interval  should  be  such  that  the  ratio  between  rod 
intercept  and  distance  should  not  exceed  the  ratio  1:  200,  and  may  be 
still  smaller,  up  to  1:500,  though  1:200  does  not  approach  the  limits 
of  sharp  definition  of  the  eyej^iece,  and  yet  is  very  convenient  for 
converting  rod  intervals  into  actual  distance.  Smaller  ratios,  of 
course,  give  less  accurate  distance  determinations. 

The  actual  horizontal  distance,  I,  is  determined  from  the  rod  inter- 
cept, i,  or  wire-interval,  by  the  well-known  stadia  formula: 

I  =  k  i  -}-  c  +/,  for  horizontal  sights, 

in  which  A:  is  the  stadia  constant,  preferably  200  for  levels, /is  the 
focal  length  of  the  objective,  and  c  is  the  distance  from  the  center  of 
the  instrument  to  the  optic  center  of  the  objective. 
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Hence,  for  any  number,  n,  of  successive  settings  of  an  instrument, 
the  continuous  distance  for  a  stretch  of  levels  would  be 

i  =  2"  /  =  A:  /+  27i  (c  +  /) 
-where  2^  /  is  the  sum  of  all  back  and  fore  sights  of  the  stretch,  and 
/=  2"  /  is  the  sum  of  the  thread  distances,  or  rod  intercepts,  for  all 
back  and  fore  sights.  This  formula  seems  complicated,  but,  in  prac- 
tice, its  solution  is  made  very  simple  by  tabulating  the  function  A-  /  for 
values  of  /from  1  to  100.  However,  when  A-  is  exactly  200,  a  condition 
•which  the  maker  can  supply,  then  no  tabulation  is  necessary. 

/.  The  Steel  Collars. — These  form  a  very  important  feature  of  the 
telescope,  and,  as  might  be  inferred  from  what  has  already  been  said, 
the  direction  of  pointing  of  the  telescope  depends  on  the  condition  that 
these  collars  are  exactly  equal  and  that  they  remain  equal.  This  con- 
dition is  never  realized  in  practice,  but  no  serious  results  need  follow 
from  this  source,  as  will  be  shown  later. 

Some  makers  prefer  to  make  the  collars  of  bronze  instead  of  steel, 
but,  with  ordinary  care,  steel  collars  will  not  rust,  and  this  is  their 
only  objectionable  feature,  while  bronze  is  very  subject  to  corrosion, 
especially  in  contact  with  grease  or  oil,  and,  being  generally  quite 
soft,  is  not  nearly  as  desirable  as  high  steel. 

The  Sources  of  Ekror  in  Precise  Levexjxg. 
1.  Introductory. 

It  is  proposed  here  to  show  the  many  sources  of  error  to  which  the 
process  of  leveling  is  subject,  and  to  demonstrate  methods  of  determin- 
ing them  when  they  are  sufficiently  constant  to  make  such  determin- 
ation possible. 

As  is  readily  seen,  these  errors  are  not  all  of  an  accidental  nature, 
and  some  of  them  do  not  dejiend  either  on  the  instrument  or  the 
observer. 

The  variations  in  gravity  at  different  points  and  elevations  on  the 
earth's  surface  and  the  attraction  of  the  sun  and  moon  are  constant 
sources  of  error,  but  these,  while  they  may  be  considered  measurable, 
and  should  enter  into  a  discussion  of  this  kind,  are,  nevertheless,  of 
minor  importance  to  the  instrumental  errors.  These  latter,  as  will  be 
shown  later,  may  be  eliminated  by  proper  methods  and  careful  work. 
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loiiving  as  tW  most  ilaiififeroiis  errors  those  whieb  are  caused  by  rapidly 
ebauging  temperature  aud  atmoapberic  conditions. 

All  tbe  foregoing  sources  of  error  bave  been  classified  in  a  manner 
appearing  most  logical  and  natural,  and  wliile  much  tbat  is  said  is  not 
new,  yet  a  great  deal  of  tbis  work  is  original  and  is  considered  as 
valuable  in  tbrowing  ligbt  on  many  difficulties  previously  attributed  to 
erroneous  causes.  Tbe  writer  bas  aimed  to  discover,  by  careful  study 
and  research,  all  the  errors  to  which  tbe  process  of  leveUng  is  subject. 
Whether  or  not  tbis  aim  bas  been  materialized  remains  for  future 
investigation  to  prove. 

2.  Eflect  of  the  Spheroidal  Shape  of  the  Earth  on  Long  Level  Lines. 

(I.  Force  of  Grarit;/.  — The  direction  of  tbe  plumb  line  at  a  point  on 
the  earth's  surface  is  the  resultant  of  the  force  of  gravitation  and  the 
centrifugal  force  caused  by  tbe  earth's  rotation.  Since  the  earth  is  an 
ellipsoid  it  follows  tbat  both  gravitation  and  centrifugal  force  change 
their  relative  values  for  different  points  on  the  earth,  and  thus  affect 
tbe  resultant  which  governs  tbe  direction  of  tbe  plumb  line. 

"  Tbe  attraction  which  tbe  earth  exerts  ujion  a  body  at  its  surface 
is  the  sum  of  the  partial  attractions  which  each  part  of  tbe  earth 
exerts  iipon  tbe  body,  and  tbe  resultant  of  all  these  attractions  may  be 
considered  to  act  from  a  single  point— the  center.  Hence,  if  tbe  earth 
were  a  perfect  sj^bere,  a  given  body  would  be  equally  attracted  at  any 
point  of  tbe  earth's  surface.  Tbe  attraction  would,  however,  vary 
with  tbe  height  above  the  surface."* 

In  order  to  compare  the  force  of  gravity  for  different  jjoints  and 
different  elevations,  it  should  always  be  corrected  to  corres^Dond  to  sea 
level. 

Since  tbe  force  of  gravity  is  inversely  iJroportional  to  the  square  of 
the  distance  from  the  earth's  center,  and  calling  g,,  tbis  force  at  mean, 
sea  level,  g'  the  force  of  gravity  at  an  elevation  h  in  free  air  above  sea 
level,  and  R  the  radius  of  tbe  earth,  then 

'•  "'       =!-"+ (11 


g,       (R  +  h)'  R 

For  a  point  on  a  high  plateau  of  elevation  h  above  mean  sea  level, 
tbe  force  of  gravity  is  affected  by  the  mass  of  this  iilateau  and  becomes 
g" .     If    8  denotes  the  density  of  the  material  of  the  plateau,  5^  the 

*  Ganofs  Physics,  1883,  Art.  82,  p.  66. 
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mean  density  of  the  earth,  A  g  the  efect  produced  by  the  mass  of  the 
plateau  on  the  point  h,  exclusive  of  the  attraction  produced  by  the 
earth,  and  P  a  constant,  then  J  g  =  2  n  Tc^  8  h  (nearly).* 

The  attraction  of  the  earth  alone  (using  the  same  constant  Tc)  is 

9o=\^'^^  =  ^k''-nR8^ (2) 

St 

The  ratio  —   is  generally  about  |,  as  the  density  of  the  interior 
earth  is  about  twice  that  at  the  surface,  hence 
/I  g        ^  Sh         Sh 


,(3) 


g,        2  8„,R      4:R 

But  the  force  g^  corrected  for  the  elevation  h,  without  regard  to  the 
mass  of  the  plateau,  would  be,  from  Equation  (1), 

^--O-¥0 :••■■••<*) 

Hence,  since  g"  ^  g^  -\-  Jg  -\-  (g'  —  g„),  the  actual  attraction  g" 
found  from  Equations  (.3)  and  (4j  is 

In  ajoplying  the  foregoing  to  a  revolving  ellipsoid  like  our  earth, 
other  theories  are  involved  which  are  considered  in  the  following. 

The  foregoing  equations  apply,  strictly  speaking,  only  to  a  sphere, 
but,  within  kn'owable  limits,  they  also  apply  to  an  elliiDsoid,  j^ro- 
vided  allowance  is  made  for  the  change  in  direction  of  the  gravity 
forces  resulting  from  the  latter  shape,  in  which  the  forces  no  longer 
intersect  in  the  center  of  the  mass,  and,  for  a  general  assumption 
regarding  distribution  of  mass,  these  forces  cannot  be  assumed  normal 
to  the  surface  of  the  ellipsoid. 

Since,  according  to  the  Kant-Laplace  theory,  the  earth  is  an 
ellipsoid  of  revolution,  produced  from  a  fluid  or  semi-fluid  mass,  by  the 
influence  of  attraction  and  centiifugal  force,  it  follows  that  the  result- 
ant of  all  the  forces  acting  at  a  given  point  of  the  earth's  surface 
must  be  normal  to  the  surface  at  the  given  point. 

*  See  Helmert,  Hohere  Geodesie,  11,  pp.  142  and  164. 
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The  mass  attraction  7',  of  the  ellipsoid  Fig.  11,  on  a  point  p  of  its 
surface,  may  be  resolved  into  two  components  G  and  Q ;  the  former, 
being  the  larger  component,  is  directed  toward  the  center  of  the  earth 
at  0,  and  the  latter  is  normal  to  G  at  p- 

Z^ 
7  A  \  Q 

"Vf  *'■■       1/ 

._«- ^__/_ y 1 J— 

Fig.  11. 

The  centrifugal  force  at  the  equator  is  /  =  o  v-,  in  which  v  is 
angular  velocity.  For  a  latitude  0  this  force  becomes /^  =  r<  cos  0  ri^ 
=/cos  0.  This  centrifugal  force  may  also  be  resolved  into  the  com- 
ponent /  cos'  0,  normal  to  the  surface  at  p,  and  the  tangential  com- 
ponent/" cos  0  sin  0,  the  latter  coinciding  very  nearly  in  direction  with 
Q.  The  resultant  of  the  gravity  and  centrifugal  forces  at  p  will  then 
be  g,  which  makes  a  small  angle  with  g'  and  the  angle  0  with  the 
equator.  In  other  words,  g  is  normal  to  the  ellipsoid  at  p  and  makes 
the  angle  of  the  latitude  with  the  equator. 

Hence,  it  follows  that  g,  the  force  or  acceleration  of  gravity,  at  p, 
is  proportional  to  sin'  0*  as  expressed  by  the  formula 

g  =  9.7800  (1  +  0.005310  sin-  0)  m.  per  second (6) 

For  latitude  45^  this  becomes 
g^^^  =  9.7800  (1  -f  0.002655)  =  9.80597  m.  per  second  at  sea  level. ...  (7) 

By  substitution  in  (6)  for  sin"  0  =  J  (1  —  cos  2  0)  and  combining 

(6)  and  (7)  then 

^  =  ^,«  (1  -  /?  cos  2  0) (8) 

in  which  gf^  at  sea  level  ==  9.80597  m.  and  /3  =  0.002655,  a  constant. 

For  any  other  point  in  free  air  and  at  an  elevation  k,  Equations  (1) 

and  (8)  give  :                    i=i  / .,           ,           r.              2  /A  ,„, 

g=  9„      (^  1   —  /i  cos    2    0  —  -jy) (9) 

and  for  a  jioint  on  a  high  jilateau  of  elevation  /i.  Equations  (5)  and  (8) 

^'"''-  ,  =  ,,„-(l-/!eo»2„-|4) (10) 

*  See  Helmert,  HShere  Geodesie,  II,  pp.  241  and  609. 
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h.  lyynnmic  niul  Orthometric  Heir/hts  on  the  EartJis  Surface.— The 
elevation  of  a  23oint  h  above  sea  level,  determined  by  direct  measure- 
ment on  a  vertical  line,  gives  the  orthometric  height  of  that  point. 

The  dynamic  height  of  this  point  is  represented  by  the  work  re- 
quired to  raise  a  unit  mass  through  the  height  Ji. 

Since  the  force  of  gravity  varies  afc  different  points  on  a  meridional 
plane,  as  represented  by  Equations  (9)  and  (10),  it  follows  that  the 
amount  of  work  required  to  raise  a  unit  mass  through  the  orthometric 
height  ?i,  at  different  points  on  a  meridian,  will  vary  inversely  as  the 
force  of  gravity  at  these  points.  Calling  f/^  and  ^2  ^^^  forces  of  gravity 
for  two  points  on  the  ellipsoid  in  latitudes  (p^  and  02'  respectively, 
and  hi  and  ho  the  orthometric  heights  corresponding  to  equal  dynamic 
effects  at  the  two  jjoints,  respectively,  then  the  following  relations 
must  exist  : 

f,^h,=g,h,or^=^^ (11) 

Now,  from  Equation  (10) , 

9i=9o''  (l-/icos  2  01 -|^)  and  g,=g,;'  (l-/i  cos  2  0.-^) 

from  which 

1  —  /J  cos  2  02  —  ;j-^ 

—  =  y^  = ^r   =1  —  /^  (cos  2  02  —  COS  2  0,)  nearly. 

-^^        -      1_^  cos  2  01  —  ^-^ 

=  1  -f  2  /isin  (  01  +  02 )  sin  (  02—  0i ). 
Calling  0  the    mean    latitude    between   the   two  jjlaces   and   L   the 
meridional  distance  or  difference  in  latitude  measured  in  kilometers, 
then 

sin  (0,  -|-  02)  =  sin  2  0 

and  sin  (0.,  —  0i)  =  ^  cos    ( ^-r. -M  =  „  nearly,  since      '^  ^ 

H  \        Z         /        K  "  2 

is  generally  a  very  small  angle  and  its  cosine  nearly   equal  to  one. 

Hence 

Jl  =  l  +  2  /i  sin  2  0^ (12) 

«2  -tt 

IT    T 

or     hi  —  Ji.y  =  2  /3  sin  2  0  -^  nearly (13) 

in  which  H  —  mean  elevation  of  the  two  points  above  sea  level. 
The  factor  HL  (see  Fig.  12)  then  becomes  equal  to  the  projected  area 
of  the  elevation  or  plateau  (upon  which  the  two  points  hi  and  ^2  are 
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situated)  iipou  a  middle  meridional  plaue.  Calling  this  area  II L  =  A 
and  substituting  for  (5  =  (t.00265  and  i?  =  6  370  000  m.  in  Eqiiation 
(13),  then  j^^  -  /.,  =  0.832  .1  siu  2  0 (14) 

If  ^4  be  given  in  square  kilometers,  in  Equation  (14),  h^  —  h,  will 
be  in  millimeters. 

Equation  (14)  then  represents  the  orthometric  error  produced  by 
the  dynamic  effect  of  the  earth  on  the  plumb  line  in  jjassing  between 
points  </>!  and  cp^  at  a  mean  level  H  above  sea  level.  It  will  be  seen 
that  this  error  is  confined  to  meridional  distance  alone,  since  a  section 
of  the  earth  parallel  to  the  equator  is  always  a  circle  and  accordingly 
the  force  of  gravity  is  constant  for  a  given  latitude.  This  would  be 
true  for  any  imaginary  sea  level  above  the  present  level. 
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Fig.  12. 
Considering  A  P  B  (Fig.   12)  the  jjresent  sea  level,  and  then  su})- 
posing  that  this  level  were  raised  to  a  spheroidal  surface  C  P^  I),  as 
in  the  case  of  a  flood,  the  following  conditions  will  be  found  to  exist: 

From  Equations  (8)  and  (11)  it  is  seen  that  equal  dynamic  heights 
at  the  points  B  (equator),  F  (for  0  =  45^)  and  P'  (at  pole),  will  bear 
the  ratio  of      ^  .  j^ ,  p,  ^  iqo.265  m. :  100.000  m. :  99.735m. 

Hence  such  a  new  water  level  would  not  form  a  concentric  curve 
with  the  present  spheroid,  but  would  have  the  shape  indicated  in  Fig. 
12.  This  leads  to  the  following  conclusion  as  regards  the  gravity 
effect  on  absolute  elevations  as  referred  to  mean  sea  level. 

It  is  readily  understood  that  in  a  line  of  precise  levels  run  along  the 
earth's  surface  on  a  meridian,  and  at  sea  level,  from  the  equator  to  the 
pole,  the  closure  with  sea  level  at  the  pole  would  be  7.ero.  But  if  a 
return  line  were  run  from  the  pole  to  the  eqtiator,  taking  the  jjath  indi- 
cated by  the  hne  P'  D  (Fig.  12),  and  then  closing  back  on  the  point  B, 
the  complete  loop,  even  if  free  from  all  error,  would  close  with  a 
spheroidal  error  of  99.735  —  100.265  =  —  0.530  m. 
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In  a  similar  manner  Equation  (14)  then  rei^resents  the  error  intro- 
duced by  gravity  into  any  line  of  levels  run  between  points  on  latitudes 
0j  and  02»  ^^  through  a  meridional  arc  0  (in  degrees),  in  which  A 
represents  the  j^rojected  area  of  the  level  profile  upon  a  middle 
meridional  jilane,  taking  the  mean  sea  level  for  the  axis  of  ordinates. 
Also,  hi  —  h.2  represents  the  gravity  error,  and  for  a  jjoint  north  of  the 
starting  point  this  error  is  jjositive  or  additive  to  the  elevation  of  the 
terminal  point  to  give  true  sea  level.  The  error  is  negative  for  a  point 
south  from  the  starting  point. 

While  the  above  derivation  is  not  rigid  and  the  resulting  Equation 
(14)  is  only  approximate,  it  is  believed  that  the  accuracy  attained  by 
its  use  is  quite  within  practical  limits. 

It  should  be  noted  that  the  local  deflection  of  the  j)lumb  line,  as 
might  be  caused  by  a  mountain,  when  leveling  up  on  one  side,  is  not 

considered  in  the  foregoing. 

« 

3.  Disturbing  Influence  of  Differential  Attraction  of  the  Sun  and  Moou 
on  the  Direction  of  Gravity,  and  Its  Effect  on  Spirit  Leveling. 

The  discussion  of  this  subject  is  abstracted  from  the  Report  of  the 
Coast  and  Geodetic  Survey,  1887,  p.  196,  from  the  article  of  the  above 
title  by  Charles  A.  Schott,  Assistant. 

The  following  formulas  for  the  disturbance  in  direction  of  gravity 
by  the  action  of  the  sun  or  moon  as  a  result  of  the  diurnal  variations 
in  i^osition  of  these  luminaries  with  respect  to  any  point  of  the  earth's 
surface,  were  the  result  of  an  investigation  by  Dr.  F.  R.  Helmert* : 

Let   31  =  Mass  of  the  sun  or  moon; 
]\Io  =  Msiss  of  the  earth; 
p  =  Horizontal  parallax  of  the  luminary; 
z  =  Zenith  distance  of  the  luminary; 

A  =^  Azimuth  of  the  luminary,  counting  from  south  around 
by  west; 

a  =  Azimuth  of  the  level  line,  counting  from  south  around  by 
west; 

I  =  Length  of  a  single  shot,  in  meters; 

P  —  The  disturbing  effect  on  the  direction  of  gravity; 

then         p_3iV  sin'V 
then        ^-2ii/^sinl"' 

•  Hohere  Geodesic,  Vol.  2,  Chapters  5  and  7;  Leipzig,  1880-84. 
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ami  the  soutlu'ily  deviiitiou  of  tlio  disturbed  zenith  will  be 

S  =  —  P  sin  2  2  cos  A, 
and  the  westerly  deviation  Avill  be 

W  =  — P  sin  2  2  sin  A. 
In  consequence  of  the  disturbed  direction  of  gravity,  the  jjosition 
of  the  level  surface  at  any  point  on  the  earth  will  be  changed,  and  this 
will  affect  the  pointing  of  a  level. 

If,  for  instance,  a  level  line  is  run  in  a  southwesterly  direction  the 
fore  sights  will  be  depressed  in  consequence  of  the  disturbed  vertical 
by  the  angle 

y  z=  S  cos  a  +  TF  sin  a    =  — P  sin  2  ^  cos  (A  —  oc  ) (1) 

and  the  correction  to  the  rod  readings  will  be  -|-  /  r  on  the  fore  sight 
and — Z;' on  the  back    sight.     Hence,  the  correction  to  diiference  of 

elevation  will  be 

21P  sin  2  2  cos  (A  —  a:) (2) 

Introducing  numerical  values  in  the  above  expression  for  P,  the 
maximum  eflfect  for  the  moon  becomes  P  =  0.0174"  =  O.UOO  000  083  in 
arc,  and  for  the  siin  P  =  0.0080"  =  0.000  000  043  in  arc.  Thus,  for 
any  one  instrumental  setting  this  effect  is  altogether  insensible,  but  it 
may  become  sensible  by  accumulation  in  extended  lines  of  levels. 

Let  it  be  supposed  that  the  sun  and  moon  are  in  the  equator,  or  have 
zero  declination,  and  that  the  leveling  is  done  in  the  northern  hemi- 
sphere, then,  in  the  expression  (2),  2  in  the  first  quadrant  w  ill  be  accom- 
panied by  A  in  the  first  or  fourth  quadrant,  and  2  in  the  second 
quadrant  will  be  accomiDanied  by  A  in  the  second  or  third  quadrant. 
Hence,  in  leveling  from  north  to  south,  or  for  ot  =  0,  this  expression 
will  always  be  positive,  whereas  for  an  east  and  west  line  (x  =  90°)  a 
change  in  sign  may  take  place  and  compensation  will,  to  some  extent, 
diminish  the  effect  under  consideration.  The  circumstance  that  the 
luminaries  assume  different  declinations  does  not,  in  the  main,  alter 
the  general  effect. 

For  level  lines  in  a  north  and  south  direction  there  will  remain  some 
average  effect  on  the  resulting  difierence  of  elevation  which  cannot  be 
eliminated  by  a  repetition  of  lines.  However,  for  an  east  and  west 
line,  the  lunar  effect  may  be  eliminated  and  the  solar  effect  be  con- 
siderably diminished.  The  actual  effect  on  a  line  may  not  exceed 
two-thirds  the  maximum  value,  and  will  generally  be  less  than  one-half 
of  the  same. 
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A  line  of  levels,  100  km.  long,  running  due  south,  might  incur  a 
maximum  producible  error  from  the  moon  of  -|-  8.3  mm.,  though  the 
actual  error  would  probably  not  exceed  4  or  5  mm.  The  sun  alone 
would  produce  about  half  as  much  as  that  estimated  for  the  moon. 

For  a  duplicate  (direct  and  reverse)  line  of  levels,  1  000  km.  long, 
in  an  east  and  west  direction,  during  the  summer  months,  running 
forenoons  always  westerly  and  afternoons  always  easterly.  Dr.  Hel- 
mert  estimates  that  the  results  of  the  two  levelings  may  differ,  in  con- 
sequence of  differential  solar  attraction,  by  as  much  as  87  mm., 
although  the  mean  result  would  not  be  affected. 

Whether  or  not  such  an  effect  could  be  demonstrated  with  the 
present  methods  and  instruments  seems  somewhat  doubtful,  as  it  would 
appear  that  so  small  an  error  as  0.08  mm.  per  kilometer  would  be  en- 
tirely concealed  by  the  existing  probable  uncertainties  of  leveling. 

However,  the  following  observations  made  by  the  writer  in  1898-99, 
while  running  a  duplicate  line  of  precise  levels  along  the  St.  Lawrence 
River,  show  something  of  this  kind. 

The  general  direction  of  the  line  was  from  northeast  to  southwest, 
over  a  distance  of  about  207  km.,  run  in  167  separate  stretches,  during 
August,  September,  October  and  November,  1898,  and  May,  1899. 

Table  No.  3  shows  the  number  of  closures  of  each  sign  for  the  four 
combinations  of  direct  and  reverse  lines  run  forenoons  and  afternoons. 

TABLE  No.  3. 


Stretches  Run. 

' 

Direct,  a.  m.         Direct,  p.  m. 
Reverse,  p.  m.     Reverse,  a.  m. 

Direct,  A.  M. 
Reverse,  a.  m. 

Direct,  p.  M. 
Reverse,  p.  m. 

No.  of  stretches 

Sign  of  closure 

30 

+ 

25 

17 

+ 

23 

19 

+ 

14 

18 

+ 

21 

Percentage 

82^  minus. 

74%'  nliis- 

85}i  plus. 

Of  the  167  stretches,  84  closed  with  a  plus  error  and  83  with  a  minus 
error,  showing  that  this  effect  was  practically  eliminated  in  the  entire 
work  by  properly  dividing  up  the  work  between  forenoons  and  after- 
noons. This  division  was  as  follows ;  88  direct  lines  run  a.  m.  ;  79  direct 
lines  run  p.  m.  ;  73  reverse  lines  run  a.  m.  ;  and  94  reverse  lines  run 
p.  M. 
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The  stretclies  tabulated  iu  the  third  aud  fourth  combinatiou,  in 
which  direct  and  reverse  lines  were  run  in  the  same  half  of  the  day, 
vitiate  to  some  extent  the  law  sought,  because  it  there  depends  on 
■which  one  of  a  pair  of  lines  was  run  first.  As,  for  instance,  of  the  83 
lines  run  direcl:  and  reverse  in  the  forenoon,  if  16  wei*e  run  direct  in 
the  earlier  part  of  the  forenoon,  and  16  were  run  reverse  in  the  earlier 
part,  then  there  should  be  au  equal  number  of  errors  of  each 
sign.  The  same  would  apply  to  lines  run  in  both  directions  in  the 
afternoon. 

Again,  the  work  done  in  clear  weather,  whicli  generally  prevailed, 
involves  a  much  larger  accidental  error  than  is  found  in  work  done  on 
cloudy  days,  and  this  again  vitiates  the  distinct  manifestation  of  a 
definite  law.  However,  the  general  result  of  the  first  and  second 
combination  in  Table  No.  3  exhibits  a  fair  indication  of  the  efiect 
here  considered. 

Hence,  it  might  be  concluded  that,  for  an  east  and  west  line,  this 
error  can  be  eliminated  by  dividing  the  work  equally  between  the  two 
halves  of  the  day,  while  for  a  north  and  south  line  the  error  would  not 
be  manifested  by  the  work,  although  it  might  exist  to  the  same  extent. 

However,  it  is  quite  likely  that  this  is  merely  a  seeming  detection 
of  errjrs  from  the  source  here  considered,  and  that  the  real  error  is 
one  due  to  temperature,  as  discussed  further  on. 

4.  Errors  of  the  Level  Tube. 

a.  Parallelism  of  the  Level  Tube  with  the  Vertical  Plane  through  the 
Telescope  Axis. — When  the  level  tube  is  not  i^arallel  to  the  vertical 
IDlane  through  the  telescope  axis  a  slight  lateral  tilting  of  the  striding 
level  will  cause  the  bubble  to  run  to  one  end  of  the  tube,  and  this 
would  introduce  an  error  of  pointing  unless  the  level  tube  were  always 
placed  with  its  axis  in  a  horizontal  plane,  which  is  imjDracticable. 
There  must  always  be  a  slight  play  laterally  to  permit  of  readily 
removing  the  tube  from  its  supports  and  reversing  it.  However,  the 
lilay  ne38ssary  for  this  jiurpose  is  very  small. 

Parallelism  of  the  level  tube  with  the  vertical  plane  through  the 
telescope  axis  can  be  readily  established  by  adjustment  with  the  hori- 
zontal afljusting  screw,  and  should  be  continued  until  a  lateral  tilt  of 
the  level  tube  no  longer  disi?laces  the  bubble.  This  adjustment  is 
called  the  latei'al  adjustment   of  the  level  tube,  and  is    not   likely  to 
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change  miicli  in  a  well-constructed  instrument,  Ijut  the  adjiistment 
should  be  tested  occasionally.  It  is  very  important  that  a  level  should 
be  free  from  error  of  this  kind,  because  the  observations  cannot  be 
made  to  eliminate  such  errors,  and  it  is  one  of  the  few  instances  in 
which  the  accuracy  of  the  work  depends  absolutely  on  the  adjustment 
of  the  instrument. 

h.  The  Horizontalitji  of  the  Level  Ti<5e.— This  is  indicated  by  the  po- 
sition of  the  bubble  with  respect  to  the  graduation  on  the  glass  tube 
of  the  spirit  level.  This  graduation  may  be  continuous  from  one  end 
of  the  tube  to  the  other,  or  it  may  extend  from  the  center  of  the  tube 
toward  its  ends,  which  latter  style  is  generally  more  convenient,  al- 
though the  first  always  identifies  the  end  of  the  tube  read.  Still,  this 
is  quite  unnecessary,  since  the  bubble  ends  can  be  identified  in  other 
ways,  and  readings  taken  from  the  center  outward  require  no  reduction, 
and  are,  therefore,  preferable. 

The  striding  level,  which  should  always  accompany  a  precise  level- 
ing instrument  (see  Fig.  7),  is  so  arranged  that  it  may  be  read  either 
in  a  direct  or  reversed  position,  and  the  construction  permits  of  ad- 
justing the  inclination  of  the  level  tube  to  the  points  of  support  on 
the  telescope  collars.  This  may  be  done  by  clamping  the  instrument, 
after  it  has  been  made  approximately  level  by  the  small  spirit  levels, 
and  then  reading  the  striding  level  in  its  direct  and  reversed  jiosition. 
One-half  the  discrepancy  thus  obtained  is  then  taken  up  on  the  verti- 
cal adjusting  screw  at  the  chamber  end,  and  the  other  half  is  corrected 
by  the  micrometer  on  the  wye-cradle.  This  operation  should  be  re- 
peated until  the  bubble  remains  in  the  center  for  both  direct  and  re- 
versed positions.  When  this  has  been  accomplished,  the  level  tube  is 
parallel  to  the  axis  of  the  telescope,  the  lateral  adjustment  having 
first  been  made  and  the  telescope  collars  being  exactly  equal.  The 
effect  of  unequal  collars  will  be  treated  later. 

While  this  adjustment  would  generally  eliminate  the  error  of 
horizontality  of  the  level  tube,  it  is  found  that  no  very  sensitive  level 
tube  will  hold  this  adjustment  very  long,  and  it  often  happens  that 
the  first  two  or  three  reversals  of  a  level  may  show  perfect  adjustment, 
and  a  fourth  reversal  may  indicate  a  considerable  error.  The  con- 
verse also  frequently  occurs,  especially  if  the  adjustment  is  tested 
soon  after  removing  the  level  from  the  box. 

Many  disturbances  of  the  level  tube  will  be  caused  by  fine  particles 
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of  grit  on  the  telescope  collars,  sudden  changes  in  temperature  and 
wind,  cooling  effect  of  rain  drops,  should  any  fall  on  the  level,  and 
passing  clouds  which  change  the  direct  and  reflected  rays  from  the 
sun.  All  these  are  ever  present  to  affect  the  horizontal  adjustment  of 
the  level  tube,  and  it  is  altogether  out  of  the  question  to  place  any 
reliance  on  a  level  holding  this  adjustment.  It  is  not  a  question  of 
quality  and  fineness  of  the  instrument;  on  the  contrary,  the  more 
sensitive  the  level  the  more  readily  will  its  adjustment  be  affected, 
and  this  is  no  detriment,  as  many  have  claimed,  but  is  a  positive 
safeguard,  and  keeps  the  observer  constantly  informed  of  all  dele- 
terious influences  that  may  exist. 

The  effects  of  temperature  and  length  of  bubble  have  already  been 
discussed.  Suffice  it  to  say  here  that  the  valuations  in  curvature  of  a 
level  tube  from  temperature  effect  vitiates  the  use  of  the  level  for  any 
measurements  in  \\-hich  the  value  of  this  curvature  i>.  involved,  while 
it  does  not  in  any  way  affect  the  utility  of  the  level  in  the  determina- 
tion of  the  horizontal  when  the  bubble  is  always  brought  to  the  center. 
This  is  one  of  the  prime  reasons  why  the  older  method  of  reading  the 
bubble  in  any  loosition  was  less  accurate  than  the  method  of  taking 
readings  with  the  bubble  in  the  center. 

It  follows,  then,  that  no  reliance  should  be  placed  on  the  capa- 
bility of  a  level  tube  for  holding  its  horizontal  adjustment,  and  hence 
there  is  no  possibility  of  measuring  this  error  and  applying  a  correc- 
tion therefor  to  the  observations.  The  only  rational  elimination  of 
this  error  can  be  accomplished  by  taking  observations  for  each  sight 
with  the  level  tube  dii-ect  and  reversed.  The  mean  of  such  a  pair  of 
sights,  taken  in  quick  succession,  always  eliminates  the  bubble  error, 
whatever  its  amount  may  be.  Hence,  the  observer  need  only  keep  the 
level  adjustment  within  reasonably  small  limits,  and  carefully  avoid 
dust  between  the  contact  points  of  the  level  tube  and  the  telescope 
collars;  then,  repeated  pointings,  with  level  tube  direct  and  reversed, 
will  always  eliminate  the  bubble  error. 

c.  Tlie  Parallax  between  the  Reflected  Images  of  the  Bubble  ayid  the 
Level  Tube  Gfraduation. — This,  as  seen  in  the  mirror,  constitutes  an 
error  in  level  pointings  which  is  apparent  from  the  diagram.  Fig.  13. 

The  bubble  a — b,  shown  in  the  center  of  the  level  tube  and  reading 
15  at  each  end,  is  seen  at  a' — b'  in  the  mirror  m — ?i,  while  the  image 
of  the  graduation  is  seen  projected  upon  a  different  plane,  thus  giving 
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rise  to  a  parallactic  error.  In  tlie  diagram,  tlie  mirror  image  would 
show  the  eye  end  of  the  bubble  at  14.1  divisions  and  the  object  end  at 
15.7  divisions  from  the  center  of  graduation.  The  mean  error  due  to 
jjarallax  would  then  be  0.8  division. 

Thus,  Avhile  there  may  be  considerable  error  in  the  apparent  posi- 
tion of  the  bubble  as  seen  in  the  mirror,  this  error  remains  constant 
so  long  as  the  inclination  of  the  mirror  remains  the  same  and  the  eye 
is  always  in  the  same  position.  Both  these  requirements  are  practi- 
cally fulfilled.  Hence,  if  back  sights  and  fore  sights  are  equal,  this  error 
is  eliminated.  It  is  this  difficulty  which  is  solved  in  such  a  compli- 
cated manner  by  the  prismatic  combination  attached  to  the  French 
precise  level,  Fig.  2,  Plate  II,  without  any  urgent  necessity. 


SKETCH   SHOWING  ERROR  OF  PARALLAX 

BETWEEN   IMAGE  OF  A  BUBBLE  AND  ITS 

GRADUATION  AS  SEEN  IN  A  MIRROR. 


Fig.  13. 

With  a  little  study  of  the  diagram,  Fig.  13,  it  is  readily  seen  that 
for  a  constant  position  of  the  eye,  a  certain  inclination  of  the  mirror 
will  make  the  parallax  of  the  bubble  ends  equal  and  opposite,  thus 
affecting  only  the  ajjparent  length  of  the  bubble,  as  seen  in  the  mirror, 
but  not  its  horizontalism.  This  angle  is  readily  found,  and  small 
set-screws  provided  on  the  mirror  or  mirror-frame  will  limit  the 
motion  of  the  mirror  to  the  desired  angle  (see  Fig.  7).  The  eye  can, 
with  little  practice,  be  placed  near  enough  to  the  same  position  to 
reduce  this  error,  due  to  parallax,  to  insignificance,  and  thus  make 
the  mirror  the  simplest  and  best  device  for  viewing  the  bubble  while 
taking  the  rod  reading.     With  little  i^ractice  the  observer  can  learn  to 
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observe  both  the  roil  and  the  bubble  simultaneously,  an  advantage 
which  cannot  be  overestimated. 

Another  feature  in  favor  of  the  mirror,  as  ap]>lied  to  high-grade 
levels,  is  that  the  less  the  curvature  of  a  level  tube,  the  less  will  be  the 
error  due  to  pai'allax,  supposing  that  the  mirror  is  not  adjusted. 
Thus,  suppose  the  joarallax  for  a  given  ease  to  amount  to  0.5  bubble 
division,  then  if  the  level  have  a  curvature  of  10  seconds  per  division 
this  would  cause  an  error  of  5  seconds  in  jjointing,  while  for  a  2-second 
level  tube  the  error  in  pointing  would  be  only  1  second.  Hence,  a 
poorly  adjusted  mirror  might  prove  serious  on  a  common  coarse  level, 
while  on  a  very  sensitive  level  the  error  might  be  inappreciable. 

d.  The  Error  of  Po'intinq. — As  influenced  by  the  sensitiveness  of  the 
level,  this  is  an  important  question  in  precise  leveling,  and  many  are 
of  tha  opinion  that  the  accuracy  of  work  attained  with  a  level  of  6  to 
10  seconds  curvature  is  equal  or  superior  to  that  attainable  with  a 
2-second  level.  However,  this  assertion  is  not  siistained  by  practice  or 
theory,  and  is  largely  the  result  of  prejudice  and  lack  of  experience  on 
the  pai't  of  the  person  holding  such  views. 

An  illustration  of  the  relation  between  curvature  and  error  of  point- 
ing of  level  tubes  is  given  by  the  experiments  of  Eeinherz  in  Table  No. 
4,  in  which  the  length  of  one  division  of  the  bubble  is  2  mm.  This 
applies  to  a  large  number  of  readings,  while  a  single  reading  may 
readilv  be  in  error  bv  ±0.1  di\'ision. 


TABLE  No.  4. 


Sensitiveness 

Mean  Error 

of  tube. 

of  centering  bubble. 

of  reading  bubble. 

2.7  seconds  of  arc. 

4.5 

9.0 
18.0 
27.0 
54.0 

±  0.135  seconds  =  ±  0.045  div. . . . 
0.18           "               0.036    "  .... 
0.27            "                0.027    "  .... 
0.36            ••                0.018    "  .... 
0.45            '•                0.013    "  .... 
0.63            "                0.009    "  .... 

±  0.27   seconds  =  ±  0.09    div. 
0.315          ••                0.063    '■ 
0.45            ^'                0.045    " 
0.765          "                0.036     " 
1.08            ■■                0.036    " 
1.44                             0.027    '• 

From  these  figures  it  is  seen  that  the  accuracy  attainable  in  center- 
ing the  bubble  is  far  greater  than  that  attainable  by  reading  the  bubble 
in  any  position  and  making  the  reduction  to  the  center.  This  again 
proves  the  desirability  of  obserAing  always  with  the  bubble  in  the 
center,  in  preference  to  reading  the  bubble  and  reducing  to  the  center. 
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Accordingly,  for  a  9-second  level,  the  mean*  error  of  centering  would 
aflfect  a  rod  reading  for  a  distance  of  100  m.  by  ±0.5  mm.  -wliicli  is 
greater  than  the  permissible  error  of  closure  for  a  stretch  of  100  m. 
FoT  a  level  tube  of  2.7  seconds  curvature,  the  mean*  error  for  the  same 
length  of  shot  would  be  ±  0.1  mm.,  which  is  about  equal  to  the  error 
of  estimation.  Hence,  while  the  coarser  level  might  enable  one  to 
close  a  stretch  with  a  comparatively  small  error  of  closure,  such  fact 
would  only  indicate  an  accidental  compensation  of  errors,  but  would 
not  be  a  measure  of  the  excellence  of  work  equally  producible  with 
such  a  coarse  level.  With  the  finer  level,  an  accidental  cumulation  of 
errors  might  cause  a  comparatively  wide  closure  on  a  given  stretch, 
but  this  would  then  be  the  most  unfavorable  result  possible  and 
would  probably  still  remain  within  the  assigned  limits  for  good  work. 

The  length  of  the  bubble  is  also  a  factor  in  the  accuracy  of  i^oint- 
ing,  as  was  j^reviously  shown,  and  should  be  considered  in  this  con- 
nection. A  short  bubble  creejisvery  slowly  and  does  not  indicate  the 
slight  and  sudden  changes  which  immediately  start  a  long  bubble.  A 
similar  effect  is  jiroduced  by  certain  conditions  of  damp,  cold  weather 
and  by  levels  of  about  6  seconds  curvature  and  over.  A  very  sensitive 
level  can  be  forced  to  the  center  by  the  micrometer  and  a  reading  may 
be  taken  at  once,  while  in  a  coarser  level  the  bubble  must  be  allowed 
sufficient  time  to  stop  creeping  before  the  reading  can  be  taken.  Hence 
wind  and  other  disturbing  influences  produce  comparatively  more  an- 
noyance when  working  with  a  coarse  level. 

5.  Errors  Pertaining  to  the  Telescope. 

a.  The  Reticule  Eri^or. — In  a  properly  adjusted  level,  the  reticule 
should  be  sharply  seen  through  the  eyepiece.  There  should  be  no 
blurred  effect  at  any  point  of  the  threads  within  the  field  of  distinct 
vision,  and  the  threads  should  show  no  parallax  when  the  eye  is 
moved  slowly  up  and  down  in  front  of  the  eyepiece.  When  the  eye- 
piece lenses  and  the  reticule  are  all  perpendicular  to  the  telescope 
axis,  there  will  be  no  difficulty  in  preventing  all  errors  from  this  source 
by  ijroperly  focusing  the  eyepiece  on  the  threads  of  the  reticule. 

When  the  horizontal  threads  of  the  reticule  are  not   absolutely 

horizontal,  the  readings  taken  at  diflferent  points  of  these  threads  may 

*  Note  (added  by  author  after  reading  discussions).— The  word  "  mean  "  should  be 
omitted.  The  comparison  is  made  for  a  single  reading  where  the  bubble  may  be  +  0.1 
division  out  of  center. 
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diflfor  matoriiilly,  aud,  to  prevent  errors  from  this  source,  the  hori- 
zontal threads  must  always  he  read  exactly  at  the  intersection  points 
with  the  vertical  thread.  As  an  additional  salefiuard,  the  horizontal- 
it  j  of  the  Ihreads  should  be  made  adjustable  by  a  simple  adjustable 
stop  device  to  check  the  movement  of  the  telescope  in  its  cradle  a 
exactly  the  desired  horizontal  position  when  the  telescope  is  moved  in 
azimuth.  This  adjustment,  properly  made  for  the  normal  and 
inverted  position  of  the  telescope,  will  prevent  all  errors  from  lack  of 
horizontality  of  the  threads. 

The  thread  interval  should  be  as  small  as  possible  and  yet  permit 
of  making  distance  determinations  with  an  accuracy  of  at  least  one  in 
a  thousand.  For  a  magnifying  power  of  50  diameters  a  thread  interval 
of  1  in  200  will  satisfy  this  requirement.  "When  threads  are  widely 
separated,  they  will  not  permit  of  sharp  focusing  on  all  threads 
simultaneously,  and  the  widely  divergent  rays  will  traverse  strata  of 
air  of  different  temperature,  density  aud  humidity.  Many  serious 
errors  may  result  from  a  slightly  excessive  thread  interval. 

The  thread  interval  is  not  absolutely  constant,  and,  strictly  speak- 
ing, is  dependent  on  the  temperature  of  the  reticule  frame.  If  the 
reticule  be  of  brass,  the  distance  determination  should  be  reduced  to 
a  standard  temperature  by  using  the  coefficient  of  expansion  for  brass. 
However,  the  distance  determination  need  only  be  relative  between 
back  and  fore  sights,  and,  as  the  change  in  temperature  would  not  be 
sufficiently  great  to  aflfect  this  relation,  it  may  be  neglected.  It  is 
valuable,  however,  in  making  repeated  determinations  of  the  value  of 
a  certain  thread  interval,  to  note  the  different  results  for  different 
temperatures. 

The  most  seiious  error  in  connection  with  the  reticule  is  its  jaosi- 
tion  with  reference  to  the  axis  of  the  telescope.  The  level  tube  is  the 
starting  point  to  which  the  direction  of  the  telescope  must  be  referred. 
Hence,  the  center  of  the  reticule  (formed  by  the  intersection  of  the 
mean  horizontal  thread  with  the  vertical  thread)  should  be  on  the 
axis  of  the  telescope,  or  axis  of  collimation,  which  can  be  accom- 
plished by  adjustment  of  the  reticule,  provided  the  optic  center  of 
the  objective  lens  is  also  on  this  axis,  a  condition  which  is  rarely  ever 
fulfilled  by  the  maker.  Since  the  objective  is  fixed  in  the  telescope 
tube  no  aijustment  is  possible,  hence  what  is  ordinarily  called  colli- 
mation adjustment  does  not  generally  accomplish  the  object  implied 
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by  this  term.  If  it  were  possible  to  bring  the  line  of  sight  into  coin- 
cidence with  the  telescojie  axis,  as  defined  by  the  centers  of  the  collars, 
by  adjustment  of  the  reticule  alone,  then  the  commonly  applied  term 
"collimation  adjustment"  would  be  correct,  but  this  not  being  the 
case  it  is  better  to  adojit  the  more  precise  term  ' '  thread  or  reticule 
adjustment,"  which  will  be  used  in  the  following. 

When  the  line  of  sight  does  not  coincide  with  the  telescope  axis, 
then  the  former  is  inclined  to  the  j^osition  indicated  by  the  bubble, 
and  the  error  resulting  from  such  inclination  can  only  be  eliminated 
by  repeated  readings  taken  with  the  telescope  normal  and  inverted, 
always  keeping  the  bubble  in  the  center.  This  is  true  whether  or  not 
the  collars  of  the  telescope  are  equal. 

The  reticule  might  be  so  adjusted  that  for  a  certain  length  of  sight 
the  readings  of  the  middle  thread  would  be  the  same  for  telescope 
normal  and  inverted,  but  this  adjustment  would  not  hold  good  for  any 
other  length  of  sight  unless  the  optic  center  of  the  objective  lens  be 
in  the  axis  of  the  telescoj^e.  Hence,  the  thread  adjustment  alone  will 
not  generally  eliminate  errors  of  collimation,  but  repeated  readings  in 
normal  and  inverted  positions  of  the  telescope  will  effectually  eliminate 
collimation  errors  of  whatever  magnitude. 

With  this  method  a  very  good  line  of  levels  can  be  run  by  reading 
only  one  of  the  extreme  threads;  the  mean  of  the  two  readings  will 
always  agree  closely  with  the  mean  of  the  mean  thread  readings.  This 
subject  will  be  more  clearly  represented  in  the  following,  in  connection 
with  the  mounting  of  the  lenses. 

In  closing  this  subject  it  should  be  noted  that  the  thickness  of  the 
telemeter  threads  is  a  very  important  matter  in  the  attainable  accuracy 
of  readings  at  long  distances.  The  threads  should  be  the  finest  pos- 
sible, otherwise  the  length  of  sight  must  be  limited  to  suit  the  quality 
of  the  threads. 

b.  Errors  Due  to  Defectire  Mounting  of  ihe  Lenses. — As  has  been  stated 
previously,  a  slight  eccentricity  in  the  mounting  of  the  eyepiece  lenses 
produces  no  deflection  in  the  line  of  sight,  though  it  changes  the 
optical  axis  of  the  telescope.  If  the  eccentricity  is  bad,  or  the  axis  of 
the  lens  is  not  parallel  to  the  line  of  sight,  the  definition  may  be  poor, 
and  thus  affect  the  sharpness  of  the  extreme  threads,  or  even  prevent 
obtaining  a  sharp  image  simultaneously  on  all  threads.  This  is  then 
a  serious  defect  which  must  be  remedied  by  the  maker. 
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Displacemeuts  of  the  objective  lens  are  far  more  serious,  and  affect 
the  line  of  sight  by  the  amount  of  sncli  displacement.  The  line  of 
sight  is  not  affected  by  obliqiae  mounting  of  the  objective,  but  this  fault 
will  interfere  with  the  definition,  as  in  the  case  of  eyepiece  obliquity. 

Any  lateral  disjjlacemeuts  of  the  eyepiece  or  objective  may  be 
readily  discovered  by  focusing  on  a  distinct  object  and  then  care- 
fully revolving  the  telescope  on  its  horizontal  axis.  The  image  and 
the  threads  (even  when  the  thread  adjustment  is  perfect)  will  appear 
to  move  in  the  arc  of  a  circle  about  the  axis  of  the  telescope. 

It  is  easily  seen  that  for  a  telescope,  with  laterally  displaced  object- 
ive, the  thread  adjustment,  when  i)erformed,  does  not  bring  the  line  of 
sight  into  coincidence  with  the  axis  of  the  telescope  (collimation  axis). 
When  the  center  of  the  reticule  is  so  adjusted  that  it  coincides  with 
an  image  for  both  normal  and  inverted  positions  of  the  telescope,  then 
the  center  of  the  reticule,  the  optic  center  of  the  objective  and  the 
object  sighted  on  are  in  a  straight  line  called  the  line  of  sight,  but 
this  line  is  neither  parallel  nor  coincident  with  the  telescope  axis 
except  when  the  thread  adjustment  was  performed  for  an  object  at 
an  infinite  distance  and  the  ojjtic  center  of  the  objective  is  on  the  axis 
of  the  telescope.  Hence,  for  thread  adjustment  on  an  object  at  a 
finite  distance,  i>,  and  the  objective  not  truly  mounted,  the  Hne  of 
sight  will  be  inclined  to  the  telescope  axis  by  an  angle  f,  expressed  in 
seconds  by  the  formiila, 

a 

^  ^Dsinl" 

in  which  a  is  the  lateral  displacement  of  the  ojitic  center  of  the  object- 
ive from  the  axis  of  the  telescope.  Thus,  for  a  displacement  a—1  mm. 
and  thread  adjustment  i^erformed  for  the  usual  distance  i)  =  50  m. 
the  inclination  e  becomes  4.1  seconds  or  0.02  mm.  j^er  meter  of 
distance. 

While  this  displacement  a  is  generally  quite  small,  yet  the  effect 
produced  thereby  on  the  line  of  sight  should  not  be  overlooked. 

This  error  should  be  eliminated  in  the  observations  in  the  man- 
ner indicated  for  thread  errors,  viz. :  by  reading  with  telescojje  normal 
and  inverted. 

c.  Movement  of  the  Eyepiece  Slide. — This  is  frequently  very  defect- 
ive, even  in  high-grade  levels,  and  constitutes  a  serious  detriment  in 
any  instrument,  because  any  obliquity  of  motion  of  the  eyepiece  with 
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respect  to  the  line  of  sight  affects  the  thread  adjustment,  since  the 
reticule  moves  with  the  eyepiece.  The  same  difficulty  is  encountered 
with  telescojjes  in  which  the  objective  is  made  to  slide,  as  in  Fig.  2, 
Plate  lil. 

When  the  sliding  tube  (be  it  eyepiece  or  objective)  is  short,  its 
motion  may  be  very  irregular,  a  circumstance  rendering  the  telescope 
almost  worthless  for  precise  work.  The  sliding  tube  should  be  as 
long  as  is  permissible  by  the  telescoj)e  tube,  and  all  lateral  motion 
should  be  prevented  by  spring  pressure,  as  shown  in  Fig.  10.  With 
such  an  arrangement  the  direction  of  motion  will  be  a  straight  line 
even  if  it  does  not  coincide  with  the  axis  of  the  telescope,  and  the 
repetition  of  readings  in  normal  and  inverted  positions  of  the  telescope 
will  again  eliminate  any  error  caused  in  the  thread  adjustment  as  a 
result  of  inclined  motion  of  the  eyepiece  or  objective. 

A  method  for  determining  the  regularity  in  the  eyepiece  move- 
ments will  be  given  under  the  head  of  instrument  constants. 

d.  Erroi'  Resulting  from  Inequality  of  the  Telescope  Collars. — Any 
existing  inclination  in  the  line  of  sight,  not  explained  in  the  foregoing, 
and  inherent  in  the  instrument  itself,  is  presumably  caused  by  unequal 
telescope  collars.  The  commonly  accepted  method  of  determining 
the  inequality  will  be  briefly  given,  while  no  further  use  mt.11  be  made 
of  this  method,  owing  to  its  many  imperfections,  which  will  be 
presently  demonstrated. 

POSITION   1.  POSITION   2, 


o_=irrtr::rzL _. _jj      -V-=±^i::rrr:m ^ *_ — fl- 

(a)  (6) 

Fig.  14. 
The  common  method  of  determining  the  inequality  of  the  collars  is 
illustrated  in  Fig.  14,  and  the  oi>eration  consists  in  setting  up  the 
instrument  on  a  rigid  stone  pier,  and,  after  leveling  up  carefully,  the 
limb  of  the  instrument  is  tightly  clamped  and  the  bubble  is  read  for 
the  telescope  pointing  direct,  as  in  Fig.  14a.  The  level  and  the  tele- 
scope are  then  reversed  together  on  the  cradle  supports,  as  in  Fig. 
14(6),  taking  care  not  to  jar  the  instrument.  When  the  bubble  has 
become  qmet  a  second  reading  is  taken.  This  constitutes  one  deter- 
mination, as  indicated  in  the  following  example,  where  the  bubble  is 
read  from  the  center  and  is  in  perfect  adjustment. 
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The  figuvt'  sliows  tlmt  the  angular  iuclination  measured  by  the  two 
l)ositioiis  of  the  bubble  (whether  in  adjustment  or  not)*  is  four  tin.e3 
the  angle  between  the  axis  of  the  collars  and  the  elements  of  the  cone 
enveloping  the  collars.  The  line  A  B  represents  the  position  of  the 
cradle  supports,  which  remains  constant  during  the  experiment,  and 
Position  1  makes  the  upper  element  of  the  cone  horizontal,  or  at  least 
with  the  bubble  in  the  center,  while  in  Position  2  the  bubble  indicates 
a  disj>]acement  toward  the  larger  collar  equal  to  four  times  the  eiTor 
in  axial  pointing  of  the  telescope,  or  twice  the  collar  inequality. 

Example. 
Position  1.  Position  2. 

Bubble  readings:  Bubble  readings: 

right-hand  end.     left-hand  end.  right-hand  end.     left-hand  end. 

16.5  16.5  13.1  20.1 


0   center  of  bubble  at — 3.5 

or  4  f  =  0  —  (—3.5)  =  +  3.5  or  £  =  +  0.875  bubble  divisions. 

The  value  of  one  division  of  the  bubble  being  6.5  seconds,  e  =  0.875 
X  6.5  =  5.688  seconds.  The  mean  of  twenty  observations  gave  e  = 
5.90  seconds  =  0.0276  mm.  per  meter. 

This  method  assumes  that  the  collars  are  perfectly  circular,  that 
the  level  tube  actually  indicates  the  direction  of  the  topmost  element 
of  the  enveloping  cone  of  the  collars,  and  that  the  points  of  contact 
between  each  collar,  the  level  tube  and  the  cradle  supports,  are  on  the 
arc  of  the  same  cii-cle;  an  assumjition  which  is  rarely  true  of  a  new  in- 
strument and  never  true  of  an  old  one. 

The  telescope  does  not  rest  on  the  lowest  element  of  the  collars,  but 
on  the  points  s.  Fig.  15(«),  because  the  two  collars  penetrate  the  angu- 
lar apertui'e  of  the  forked  cradle  supports  unequally.  Hence,  the 
level  tube  jjointing  does  not  involve  the  true  inclination  of  the  ui^per 
elements  of  the  cone  formed  by  the  collars,  with,  respect  to  the  points 
of  support  s.  The  same  is  true  of  the  contact  points  c  between  the 
level  tube  and  the  collars,  Fig.  15(6). 

It  would  generally  be  assumed  that  this  error  is  beyond  the  limits 
of  measurement  for  the  slight  inequality  usually  existing  between  the 
collars,  and  could,  therefore,  be  neglected.  The  case,  however, 
demands  investigation. 

*  Note  (added  by  author  after  reading  discussions.)— This  should  read  "when  in  ex- 
act adjustment,"  as  illustrated  by  the  example.  For  bubble  not  in  adjustment,  it  must 
be  read  direct  and  reverse  for  each  position  of  the  telescope. 
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Using  the  dimensions  as  indicated  in  Fig.  15(a),  and  calling  s  the 
correction  for  collar  inequality,  as  previously  determined  by  the 
common  method,  v,  the  actual  inclination  of  the  telescope  axis  result- 
ing from  collar  inequality,  and  t*  the  vertical  distance  between  s'  and 
s,  then  the  following  approximate  relations  may  be  used  to  determine 
w  and  t: 

ft 


£  sin  -^  -\-  i,  and  lo 


Thus,  for  the  BuflFand  Berger  Level,  No.  2768,  e  -=  0.0276  mm.  per 
meter,  and  ft  =  90-;  hence,  by  substituting  and  solving,  t  =  0.0195 
and  a-  =  0.0390  mm.  pei-  meter. 


CRADLE  SUPPORT  XP-.       i  >»- 

vgfjD;CO>>' 

(a)  (6) 

Fig.  15. 

By  making  allowance  for  the  fact  that  in  the  determination  of  s  by 
the  ordinary  method,  this  quantity  is  involved  four  times  in  the 
reversal  of  the  telescope  in  the  cradle  supports,  while  t  enters  only 
twice,  the  inclination  for  telescope  axis  resulting  from  inequality  of 
collars  should  be  £  -f-  2  /  =  0.0666  mm.  jjer  meter. 

The  effect  of  the  collar  inequality  on  the  contact  points  of  the 

level  tube  is  opposite  to  that  produced  by  the  cradle  supports,  and  is 

eliminated  when  the  level  tube  is  read  always  in  the  same  position 

relatively  to  the  telescope.     However,  when  the   level   tube  is  read 

direct    and   reverse   the  actual   inclination   of  the   telescope   axis  is 

smaller  than  the  above  value  w  by  the  amount  -^,  found  from  Fig. 

15(b),  by  a  similar  process  of  reasoning  as  ajiplied  to  Fig.  lo{a). 

*  Note  i added  by  author  after  reading  discussions). —The  quantities  t,  q,  u\ 
w  and  e  are  all  linear  dimensions  for  collars  1  m.  apart.  Hence  tney  also  represent 
tangents  for  the  angular  deflections  under  consideration. 
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For  oc   =89^  30',  t  is  practically  equal  to  q,  and  -{r-  =  0.0097,  wliicli, 

subtracted  from  the  last  corrected  value,  gives  the  tiual  resulting 
inclination  p  =  O.OOGti  —  0.0097  =  0.0569  mm.  per  meter. 

This  is  all  based  on  the  assumption  that  the  collars  are  perfectly 
circular,  and  that  the  four  contact  points  of  each  telescope  collar  are 
in  a  plane  normal  to  the  telescope  axis,  all  of  which  is  not  generally 
true.  I  he  worthlessness  of  the  common  method  of  finding  the  collar 
inequality  is  thus  made  apparent. 

It  is  readily  seen  that  the  axial  inclination  of  the  telescope,  result- 
ing from  collar  inequality,  is  measiired  by  the  position  of  the  level 
tube  with  respect  to  the  collars,  but  bears  no  relation  to  the  cradle 
supports  s,  excejjt  when  the  latter  become  involved  by  some  method 
as  the  above,  which  is  worthless  because  of  this  fact.  Hence,  the 
wear  on  the  collars  cannot  be  determined  in  any  manner  involving  the 
contact  on  the  cradle  supports.  Also,  the  accuracy  required  in  the 
determination  is  beyond  limits  of  calibration.  To  add  to  this  diffi- 
culty, the  cradle  supports  are  never  in  the  same  planes  with  the  level 
tube  contacts  of  the  respective  collars,  so  that  this  question  must  be 
solved  by  another  method. 

The  resultant  axial  inclination  from  unequal  collars  may  be  made 
constant  by  confining  the  wear  of  the  collars  on  the  cradle  supports  to 
a  special  path  on  each  collar  and  never  revolving  the  telescope  on  its 
axis  without  first  removing  the  striding  level,  so  that  the  wear  between 
the  level  and  collars  is  practically  impossible  and  is  independent  of 
the  cradle  supports.  The  relation  between  the  telescope  axis  and  the 
striding  level  then  remains  constant,  and  any  wear  caused  by  the  con- 
tinual revolving  of  the  telescope,  whatever  its  amount,  does  not  affect 
the  telescope  isointing  as  indicated  by  the  level  tube.  All  this  is  done 
simply  by  making  the  distance  between  the  cradle  supports  different 
from  that  between  the  forked  ends  of  the  striding  level,  or  by  supply- 
ing two  pairs  of  collars,  one  for  the  cradle  contact  and  the  other  for 
the  level  tube.  This  is  exactly  in  contradiction  to  past  practice, 
because  the  axial  inclination  still  existing,  while  it  would  thus  remain 
practically  constant,  appeared  indeterminate  by  any  method  of  direct 
measurement  with  the  bubble. 

A  very  simple  and  extremely  accurate  method  of  determining  the 
real  inclination  between  the  telescope   axis   and   the   striding  level, 
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devised  by  tlie  writer,  and  considered  to  be  a  most  satisfactory  solu- 
tion of  this  and  a  number  of  other  uncertainties  connected  with  the 
level,  will  be  given  under  the  head  of  instrument  constants. 

The  complexity  of  the  axial  error  resulting  from  collar  inequality 
is  made  apjjarent  by  the  foregoing  considerations,  and  the  disparity 
shown  to  exist  between  the  actual  conditions  and  the  commonly 
accepted  method  of  determining  the  inequality  in  telescope  collars 
is  quite  sufficient  to  explain  many  of  the  constant  errors  frequently 
encountered  in  leveling  operations  and  attributed  to  a  great  variety 
of  causes,  princiiially  personal  equation  and  settlement  or  heaving 
of  instrument  or  rods.  This  error  may,  however,  be  eliminated  by 
a  strict  equalization  of  back  and  fore  sights,  and  hence  becomes 
quite  insignificant  when  the  nature  of  the  error  is  i)roperly  under- 
stood. 

6.  Errors  Pertaining  to  the  Level  Rods. 

a.  The  Error  in  Verticality. — This  generally  receives  little  consid- 
eration, further  than  to  prevent  excessive  inclination  of  the  rods  by 
using  watchglass  levels,  which  are  frequently  adjusted.  However,  the 
subject  demands  very  careful  attention. 

If  for  some  reason  the  rod  levels  are  out  of  adjustment  and  the  rods 
are  not  held  plumb,  all  readings  become  too  large,  and  this  would 
produce  errors  when  working  over  inclined  ground.  Such  errors  are 
of  a  somewhat  constant  nature  and  may  work  serious  harm,  hence  the 
importance  of  frequent  and  careful  tests  of  the  rod  adjustment. 

h.  The  En-ors  of  Temperatxre  and  Graduation. — These  errors,  though 
widely  different  in  cause,  are  conveniently  considered  together,  since 
both  may  be  corrected  in  one  oijeration. 

Generally,  the  temperature  effect  is  a  constant  change  jjer  degree 
of  temperature  within  the  limits  during  which  work  should  be  con- 
ducted. The  same  is  true  of  errors  of  graduation,  which  are  generally 
proportioned  to  the  distance  measured  on  the  rod. 

There  are  cases,  however,  where  neither  the  temperature  nor  the 
graduation  correction  are  constant,  and  for  such  rods  the  true  length 
for  each  portion  of  the  rod  must  be  measured  with  a  correct  standard 
for  all  working  temperatures,  these  values  being  then  tabulated  for 
use.  This  is  the  French  system,  wherein  the  rods  are  purposely 
graduated  irregularly  to  prevent  the  observer  from  knowing  what  his 
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<*los«re8  are  uulil  the  rod  lengths  have  all  been  reduced  and  corrected. 
It  is,  no  doubt,  better  policy  to  simplify  this  matter  by  a  uniform 
graduation  aud  to  place  a  little  more  confidence  in  the  integrity  of  the 
observer. 

The  combined  graduation  and  temperature  con-ection  may  be 
applied  in  one  of  two  Avavs:  By  determining,  by  freqiient  comparison 
■with  a  standard  measure,  the  law  for  the  length  of  the  rod  in  terms  of 
the  standard  and  temperature,  or  by  direct  comparisons  with  a  steel 
tape  of  known  length. 

The  latter  method  is  preferable  because  a  steel  tape  is  not  aflTected 
by  humidity  and  gradual  changes  from  seasoning  as  is  the  case  with 
wood.  The  law  of  the  length  of  the  steel  tape  once  determined  may 
be  used  almost  indefinitely,  while  the  rods  are  continually  undergoing 
■changes.  The  coefficient  of  expansion  for  pine  is  about  0.000004  per 
degree  Centigrade,  and  the  maximum  changes  from  humidity  may 
amount  to  0. 3  mm.  per  meter  in  the  course  of  a  whole  summer. 

The  necessary  thermometers  and  steel  scale  have  already  been 
described,  and  it  will  be  sufficient  here  to  show  only  the  method  of 
correcting  this  error. 

The  general  formula  for  the  length  of  a  metallic  scale  is  1'"  =  1  ± 
k  -}-  <x  t  in  which  k  is  the  graduation  error,  cc  the  coefficient  of  ex- 
pansion, and  t  the  temperature  in  degrees  above  the  normal. 

The  corrections  for  one  meter  of  the  tape  are  computed,  for  every 
degree  of  temj^erature,  and  these  corrections  are  then  tabulated  for  use. 

The  temjierature  and  the  measured  length  of  one  meter  on  each 
rod  are  recorded  at  the  beginning  and  end  of  each  stretch,  and  the 
average  is  taken  to  represent  the  mean  rod  length  for  the  stretch. 
The  tape  correction  for  the  mean  temperature  is  then  applied  to  this 
rod  length,  and  the  difference  of  elevation  is  accordingly  corrected. 
"When  the  rods  are  very  nearly  alike,  as  they  should  be,  and  always 
alternate  in  regular  order,  this  method  will  i^rove  very  satisfactory 
and  not  at  all  complicated. 

The  past  practice  of  applying  a  constant  rod  correction  for  a  whole 
season's  work  is  not  scientific  or  admissible.  The  correction  should 
be  determined  in  the  field  by  direct  tape  comparisons  and  be  applied 
by  stretches. 

c.  TJie  Error  of  Estimation.— The  smallest,  or  unit,  graduation 
generally  used  on  precise  level  rods  is  the  centimeter,  though  a  smaller 
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unit  is  very  necessary.  Eod  readings  slioiild  be  as  accurate  as  the 
telescope  pointings,  which  would  necessitate  the  possibility  of  esti- 
mating with  an  accuracy  of  ±  0.1  mm.  at  a  distance  of  100  m.  Thi& 
could  be  attainable  only  with  graduations  as  small  as  2  mm.  All  this 
is  on  the  assumjition  that  the  individual  rod  readings  should  be  of  the 
same  accuracy,  or  excellence,  as  is  indicated  by  the  closure  of  a  stretch 
of  levels,  which  is  not  generally  true  because  the  error  of  estimation  is- 
a  compensating  error  and  may  be  large  on  individual  shots  and  finally 
become  zero  for  a  long  stretch.     This  is  actually  verified  in  practice. 

However,  it  frequently  happens  that  a  stretch  is  only  50  m.  long, 
and  unless  a  single  jjair  of  sights  can  be  taken  with  an  accuracy  of 
rfc  0.1  mm.  or  less,  such  a  stretch  could  not  be  closed  with  the  desii-ed 
exactness  except  by  many  repetitions  of  readings. 

To  show  the  relative  value  and  accuracy  of  rod  readings  under 
various  conditions  it  will  be  necessary  to  analyze  the  eflfect  jaroduced 
on  the  appearance  of  the  rod  by  the  distance  at  which  the  rod  is  jalaced 
from  the  instrument,  and  the  position  of  the  thread  on  the  unit 
graduation. 

The  apjjarent   magnitude   of  the   unit  rod  graduation  (generally 

0.2.5  t 
10  mm.)  is  expressed  by  the  formula  a  =  -^ —  m,   m  which  t  is  the 

unit  rod  graduation  in  millimeters,  vi  is  the  magnifying  jaower  of  the 
telescope  and  I  the  length  of  shot  in  meters.  The  constant  represents 
the  distance,  in  meters,  at  which  an  object  would  appear  full  size  to 
the  normal,  naked  eye. 

Table  No.  5  gives  the  apparent  magnitude  of  unit  rod  graduations 
for  different  lengths  of  shot  and  magnifying  jjower  of  50  diameters,  as 
obtained  from  the  foregoing  formula. 

TABLE  No.  5. 


Length  of  shot. 


a  for  f  =  10  mm 
a  for  f  =  5  mm 
a  for  f  =    2  mm 


10 


20 


30     40 


25.00    12.50,6.25 

12.50     6.25  3.12 

5.001     2.50  1.25 


50     60 


4.17  3.12  2.50  2. 

2.08  1.56  1.25  1.04  0.90 


1.79 


90 


100 


1.56  1.28  1.25 

0.780.700.63 


0.83  0.62  0.50  0.42  0.36|0.31i0.28|0.2o 


millimeters, 
millimeters. 
milUmeters. 


The  aj)parent  thickness  of  good  reticule  threads  will  be  0.1  mm., 
or  less,  and  this  would  enable  the  observer  to  estimate  at  least  one- 
fourth  of  the  2-mm.  graduation  at  100  m.,  which,  combined  with  the 
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error  of  pointing,  would  bring  the  total  error  of  a  single  reading  just 
within  the  assigned  limits  of  high-grade  work. 

To  estimate  only  to  the  nearest  millimeter  on  a  10-mm.  graduation 
would  be  quite  out  of  the  question  for  a  shot  which  is  shorter  than  30 
m.,  though  this  would  already  exceed  the  allowable  limit.  For  the 
5-mm.  graduation  the  desired  accuracy  coiild  still  be  attained  on  a 
20-m.  shot,  and  for  a  2-mm.  graduation  it  could  be  expected  tor  a  10-m. 
shot.  When  the  respective  shots  are  smaller  than  those  just  men- 
tioned, the  apparent  magnitude  of  the  various  unit  graduations 
becomes  too  large  to  jiermit  of  accurate  estimations.  Hence,  the  2-mm. 
graduation  is  the  best  suited  to  permit  of  readings  within  the  required 
accuracy  for  all  shots  between  10  and  100  m. 

As  to  the  comparative  accuracy  of  estimating  tenths  of  a  division, 
the  following  considerations  are  offered:  The  0.5  or  middle  point  of 
a  space  can  be  ascertained  with  the  greatest  accuracy,  while  the  one- 
third  or  two-thirds  points  are  more  difficult  to  estimate.  The  quarter 
points  are  quite  indefinite.  This  circumstance  is  a  very  important 
factor  in  the  science  of  estimating,  which  is  often  lost  sight  of.  All 
estimations  should  be  based  on  the  half,  third  and  quarter  points,  the 
tenths  are  practically  guesses,  if  otherwise  determined. 

According  to  some  experiments  made  by  Kummer,*  the  error  of 
•estimating  the  individual  tenths,  calling  the  error  on  the  0.5  jioint 
unity,  is  as  follows: 


Tenths.. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Error. . . 

1.28 

1.37 

1.47 

1.42 

1.17 

1.00 

1.07 

1.23 

1.35 

1.47 

This  again  points  to  the  desirabihty  of  estimating  on  the  smallest 
possible  unit  in  order  that  the  error  of  estimation  may  become  insig- 
nificant. 

Another  circumstance  affecting  the  accuracy  of  estimation  is  found 
in  the  ever-changing  illumination,  and  the  definition  of  the  telescope, 
which  latter  depends  largely  on  the  quality  of  the  illumination. 

The  difficulty  of  estimating  on  10-mm.  graduations  with  an  accuracy 
commensurate  with  high-grade  leveling  is  thus  clearly  shown,  and  the 
advisability  of  adopting  a  2-mm.  graduation,  as  suggested  by  the  de- 
sign of  leveling  rod  proposed  by  the  writer,  is  made  apparent. 

»  Zeitschr.  fur  Verm.,  1897,  p.  261. 
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7.  Miscellaneous  Errors. 

a.  Errcn-s  of  Reading  and  iJecort^wigr.— Misreadings  may  frequentlj 
occur,  especially  by  inexperienced  observers,  and  it  sometimes  happens 
that  the  recorder  notes  a  reading  erroneously.  However,  with  experi- 
enced men  errors  of  this  class  are  very  rare,  though  the  possibility  of 
introducing  them  into  the  work  should  be  reduced  to  a  minimum. 

Various  precautions  are  used  to  prevent  such  errors,  even  when 
made,  from  creeping  into  the  work.  Some  of  these  are  quite  effective, 
and  the  system  adopted  by  the  writer  may  be  regarded  as  almost  abso- 
lute protection  against  errors  of  both  kinds.  At  least,  no  stretch  ever 
failed  to  close,  as  a  result  of  such  errors. 

To  prevent  misreadings,  the  system  of  reading  on  three  horizontal 
threads  was  introduced  many  years  ago,  and  is  still  a  valuable  check, 
though  it  frequently  happens  that  the  erroneous  reading  cannot  be, 
identified  except  when  the  back  and  fore  sights  are  known  to  have 
been  made  nearly  equal.  Also,  on  short  sights,  where  the  decimeter  is 
the  same  for  the  three  threads,  it  may  happen  that  all  three  readings 
are  read  wrong  by  a  decimeter.  Hence,  this  method  does  not  afford 
sufficient  assurance  of  the  prevention  of  misreadings,  and  a  further 
precaution  is  necessary. 

The  French  system,  formerly  used,  was  for  the  observer  to  take  the 
first  set  of  readings  and  then  have  them  repeated  independently  by  the 
recorder,  and  if  both  sets  checked,  the  work  was  accepted,  otherwise 
the  process  was  repeated.  However,  this  is  slow  and  unsatisfactory, 
because  the  two  persons  would  generally  estimate  differently  on  the 
rod,  and  thus  introduce  an  element  of  doiibt  and  divided  responsibility. 

As  will  appear  later,  the  method  of  observing,  adopted  and  used 
by  the  writer,  necessitates  two  paii's  of  readings  to  eliminate  instru- 
mental errors,  and  incidentally  this  affords  an  almost  infallible  check, 
as  the  two  sets  of  sights  are  independently  and  separately  taken. 
When,  in  addition  to  all  this,  the  observer  trains  himself  not  to  re- 
member any  figures  or  readings,  which  is  the  only  true  scientific  manner 
of  observing,  the  same  errors  are  not  repeated  and  there  remains  little 
opportunity  for  an  error  passing  undetected  by  the  recorder. 

It  is  also  a  bad  practice,  generally  followed,  to  have  the  recorder 
repeat  back  the  readings  called  off  by  the  observer.  It  was  found  that 
this  is  both  annoying  and  time-consuming  and  tends  to  create  confu- 
sion and  introduce  errors  rather  than  to  prevent  them.     Absolute  quiet 
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should  reign  about  the  iustniment  when  observations  are  being  taken. 
No  talking  should  be  clone  except  by  the  observer,  and  he  should  con- 
tine  himself  to  only  such  utterances  as  are  to  be  recorded  in  the  notes. 
When  a  set  of  readings  is  completed  the  recorder  signifies  their  cor- 
rectness before  the  instrument  is  carried  forward,  otherwise  any  exist- 
ing disparity  must  first  be  reconciled. 

This  system  checks  the  correctness  of  both  the  recording  and 
reading,  and  the  order  of  entering  the  readings  (as  will  be  seen  later)  is 
siich  as  to  afford  a  very  ready  comparison  of  those  readings  which 
ought  to  correspond. 

b.  Heaving  oi'  Settling  of  the  Insti-ument  or  Rods. — This  has  often  been 
cited  as  the  cause  of  constant  errors,  but  this  explanation  was  usually 
offered  in  want  of  something  better. 

There  is  no  doubt  that  disturbances  of  this  kind  take  place  occa- 
sionally when  working  over  soft,  springy,  or  frozen  ground,  but,  when 
this  is  the  case,  the  bubble  never  fails  to  show  the  danger,  and  the  ob- 
server must  then  be  on  his  guard. 

The  turning  jjoint  pins,  Fig.  4,  when  well  driven,  are  scarcely 
suscejitible  to  any  heaving  or  settling  of  sufficient  magnitude  to  be 
readable  with  an  instrument,  even  at  a  very  short  range.  When  the 
instrument  is  affected  it  is  hardly  possible  that  the  three  legs  of  the 
tripod  will  move  ahke,  and  then  the  bubble  will  certainly  indicate 
the  disturbance  long  before  it  has  attained  a  measurable  magnitude. 

This  subject,  therefore,  disappears  into  insignificance,  especially 
when  the  nature  of  the  constant  errors,  frequently  met,  is  more  fully 
explained. 

c.  Ail'  Vibrrttions  and  Refraction.  —  The  former  are  caused  by  a 
complex  refraction  of  the  line  of  sight  in  passing  through  the  air 
while  it  is  undergoing  a  mixing  process  or  agitation  produced  by 
the  heat  effect  of  the  sun.  Air  vibrations  become  a  maximum  at  or 
shortly  after  noon  while  the  earth  absorbs  heat,  and  are  most  rapid 
and  of  greatest  amplitiide  for  clear,  quiet  days  with  high  humidity. 
They  cease  when  the  sun  has  declined  to  the  point  where  the  earth  no 
longer  takes  on  heat  and  again  apj^ear  in  the  coolness  of  the  late  after- 
noon, when  the  earth  begins  to  radiate  the  heat  absorbed  during  the  day. 
These  vibrations  are  diminished  diiriug  the  time  when  the  sun  is  shut 
off  l)y  passing  clouds  and  are  entirely  checked  when  the  cloudiness  is 
of  sufficient  duration. 
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TABLE  No.  6. — Expekiments  to  Show 


Jl-LT  2d,  1899. 


Back  Sights. 


Point. 

Rod 

No. 

Thread  readings. 

Mean. 

ITiread 

distance. 

Time. 

Bearing  to  the  sun. 

1 

3 

3 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

dcm. 
14.434 

14.438 
14.436 

14.540 
14.544 
14.542 

14.536 
14.536 
14.536 

14.532 
14.538 
14.535 

14.538 
14.536 
14.537 

14.536 
14.534 
14.535 

14.536 
14.530 
14.533 

14.540 
14.538 
14.539 

14.540 
14.536 
14.538 

14.538 
14.540 
14.539 

14.540 
14  538 
14.539 

14.540 
14.536 
14.538 

dcm. 
15.198 
15.302 
15.200 

15.290 
15.304 
15.297 

15.294 
15.296 
15.295 

15.294 
15.298 
15.296 

15.296 
15.296 
15.296 

15.296 
15.296 
15.296 

15.392 
15.392 
15.392 

15.300 
15.298 
15.299 

15.298 
15.296 
15.297 

15.296 
15.298 
15.297 

15.300 
15.296 
15.398 

15.298 
15.292 
15.295 

dcm. 
15.964 
15.968 
15.966 

16.056 
16.060 
16.058 

16.054 
16.052 
16.053 

16.056 
16.056 
16.056 

16.056 
16.056 
10.056 

16.054 
16.056 
16.055 

16.054 
16.050 
16.052 

16.060 
16.056 
16.058 

16.058 
16.058 
16.058 

16.056 
16.058 
16.057 

16.060 
16.056 
16.058 

16.058 
16.053 
16.055 

dcm. 

dcm. 

4.15  a.m. 

15.201 

1.530 

10.00 

S  80°  E 

15.399 

1.516 

10.45 

S.  45°  E. 

15.395 

1.517 

11.00 

S  30°  E. 

15.296 

1.521 

12.00  ;f. 

S. 

15.296 

1.519 

1.30  p.m. 

S  50°  W 

15.295 

1.520 

2.30 

S  70°  W 

15.292 

1.519 

3.00 

S  75°  W 

15.299 

1.519 

3.35 

S  80°  W 

is. 298 

1.530 

4.15 

w 

15.298 

1.518 

5.00 

w 

15.298 

1.519 

5.35 

w 

15.296 

1.517* 

Refraction,  in  the  ordinary  sense  of  the  word,  is  a  slowly  changing 
deflection  of  the  line  of  sight  in  jiassing  obliquely  through  the 
concentric  air  strata  surrounding  the  earth.  This  form  of  refraction 
changes  most  rapidly  at  sunrise  and  sunset,  and  is  practically 
constant  at  noon.  Since  it  changes  slowly  and  with  some  degree  of 
regularity,  and  is  noticeable  only  on  comparatively  long  sights  (500 


MOLITOR    ON    PRECISE   SPIUIT   LEVELING. 

THE  Effect  of  Heat  on  Level  Ekeoks. 


57 


Fore  Sights. 


Point. 

Rod 

Thread  readings. 

Mean. 

Thread 
distance. 

Differ- 
ence of 
elevation 

Remarks. 

No. 

1 

a 

3 

Weather. 

2 

1 

dcm. 
11.564 
11.566 
11.5C5 

11.660 
11.6d6 
11.663 

11.662 
11 .660 
11.661 

11.660 
11.661 
11.662 

11.670 
11.662 
11.666 

11.660 
11.660 
11.660 

11.662 
11.656 
11.654 

11.660 
11.658 
11.659 

11.662 
11.660 
11.661 

11.660 
11.662 
11.661 

11.660 
11.658 
11.659 

11.660 
11.654 
11.657 

dcm. 

12.318 
12.322 
12.320 

12.426 
12.431 
13.430 

12.420 
12.420 
12.420 

12.424 
12.424 
12.424 

12.424 
12.424 
12.424 

12.420 
12.422 
12.421 

12.420 
12.420 
13.420 

12.418 
12.420 
12.419 

12.422 
12.420 
12.421 

12.416 
12.422 
12.419 

12.420 
12.416 
12.418 

12.420 
12.412 
12.416 

dcm. 
13.068 
13.072 
13.070 

13.178 
13.196 
13.187 

13.184 
13.180 
13.182 

13.186 
13.186 
13.186 

13.190 
13.186 
13.188 

13.180 
13.184 
13.182 

13.182 
13.178 
13.180 

13.180 
13.180 
13.180 

13.182 
13.180 
13.181 

13.178 
13.180 
13.179 

13.180 
13.178 
13.179 

13.180 
13.174 
13.177 

dcm. 

dcm. 

mm. 

16.7°  C.  Reading  good. 

1 

air  calm.      Foggy, 

2 1 

12.318 

1.505 

4-  288.3 

damp. 
Clear.   33.9°  C.   Read- 

ing fair:  light  warm 

2 1 

12.437 

1.524 

+  287.3 

wind. 
35°C.  Bub.  adj.  clear. 

j       

Light  warm  wind. 

2 

1 
1 

12.421 

1.521 

+  287.4 

Reading  fair. 
35°  C.    Reading  poor. 

Clear.    Light  warm 

2 

12.424 

1.524 

+  287.2 

wind. 
35°  C.    Reading  poor. 

Air     slightly      un- 

2 

12.426 

1.522 

+  287.1 

steady.  Light  warm 
wind. 
33.3°C.  Reading  good. 

1  ■  ■  ■ 

Sky  overcast.  Light 

2  .   ..   . 

12.421 

1.522 

+  287.4 

warm  wind. 
33.2°C.  Reading  good. 

Clear.     Light     W. 

2 

12.418 

1.526 

+  287.4 

wmd. 
30°  C.   Reading  good. 

Cloudy:  strong  cool 

2 

12.419 

1.521 

+  288.0 

breeze  from  W. 
30°  C.    Reading  fair. 

Partly  cloudy,  hght 

2.. 

12.421 

1.520 

+  387.7 

W.  wind. 
30.2°  C.  Reading  fair. 

Clear ;     light     W. 

2 

12.420 

1.518 

-f  387.8 

wind. 

28.9°  C.  Reading  fine. 

Cloudy:    cool    air; 

2. 

12.419 

1.520 

+  287.9 

light  W. wind;  storm 
approaching. 
27.8°C.  Readmg  good. 
Slight  rain,  cooi  and 

12.417 

1.530 

+  287.9 

calm. 

m.  or  more),  little  or  no  appreciable  effect  is  produced  thereby  on  level 
readings,  unless  a  considerable  time  elapses  between  taking  back  and 
fore  sight  readings  late  or  early  in  the  day.  Constant  refraction  would 
introduce  no  errors,  as  it  would  affect  back  and  fore  sights  equally. 

The  air  vibrations  can  always  be  avoided  by  sufficiently  reducing 
the  length  of  sight,  but  when  good  readings  cannot  be  taken  at  25  m. 
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the  work  should  be  susiiended.  Generally,  the  heat  effect  is  such 
that  good  work  is  impossible  long  before  this  condition  is  reached. 
This  will  be  shown  in  the  following: 

Some  very  interesting  experiments*  on  this  siibject  have  been 
made  by  Leonard  Sewall  Smith,  Assoc.  M.  Am.  Soc.  C.  E. 

d.  Direction  of  Line,  Time  of  Day  and  Season  of  Year. — The  variety 
of  effects  produced  on  the  results  of  levels  by  these  conditions  has 
been  intimated  but  never  explained.  It  is  believed  that  these  effects 
are  all  due  to  variations  in  the  jjosition  of  the  sun  and  the  intensity 
and  direction  of  the  sun's  heat  rays  at  different  times  during  the  day 
and  year. 

To  prove  this  theory,  the  writer  conducted  a  set  of  exj^eriments 
which  are  given  in  part  in  Table  No.  6.  A  great  many  readings, 
which  are  merely  repetitions  of  those  given,  are  omitted  for  the  sake 
of  brevity.  These  additional  observations  add  nothing  except  to  show 
conclusively  that  the  changes  found  were  substantiated  by  duplicate 
readings,  and  there  could  be  no  possible  doubt  as  to  the  facts.  Only 
the  characteristic  observations  are  here  given.  The  experiments  were- 
made  July  2d,  1899,  near  New  Baltimore,  Mich. 

The  instrument  was  set  uj)  on  level  ground  and  was  carefully 
shaded  with  a  large  wagon  umbrella.  The  rods  were  rigidly  held  in  a 
vertical  jjosition  and  supported  by  the  usual  steel  pins,  driven  flush 
with  the  ground.  The  rods  and  instrument  were  on  a  straight  line, 
bearing  N.  33^  E.  Rod  5  was  at  Point  1,  or  the  south  end  of  the  line, 
and  Eod  1  was  at  Point  2,  or  the  north  end  of  the  line;  both  were  30.4 
m.  from  the  instrument,  thus  eliminating  all  instrumental  errors  by 
equalizing  the  back  and  fore  sights.  The  rods  were  graduated  to  2  mm., 
thus  reducing  the  errors  of  estimation  to  about  ±0.05  mm.  for  the  set 
of  two  readings  of  three  threads  each. 

The  readings  were  taken  by  the  usual  manner  of  observing,  viz. : 
With  the  telescope  normal  and  the  level  tube  direct,  the  back  sight 
(three  threads)  was  read  first,  and  then,  without  in  any  way  disturbing 
the  instrument,  not  even  to  refocus,  the  fore  sight  was  read,  complet- 
ing the  first  set.  The  level  tube  was  then  reversed,  meanwhile 
inverting  the  telescope,  and  the  second  set  of  readings  was  taken, 
commencing  with  the  fore  sight.     The  means  of  the  two  sets  for  each 

*  Bulletin  of  the  University  of  Wisconsin,  Vol.  1,  No.  5,  June,  1895,  pp.  101-145. 
bee  also  results  of  observations  made  by  C.  H.  Van  Orden.  M.  Am.  Soc.  C.  E.,  in 
Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  1898,  p.  387. 
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threiid  iiml  tor  the  two  sets  ax'e  written  on  the  third  line  of  each  obser- 
vation. All  readings  were  taken  with  the  bubble  in  the  center,  and 
the  instrument  was  not  disturbed  in  any  manner  during  the  whole 
day,  except  after  the  first  observation,  which  is  taken  with  a  differ- 
ent height  of  instrument,  and  the  sights  are  not  so  nearly  equal 
as  for  the  subsequent  observations.  Otherwise  the  notes  are  self- 
explanatory. 

Since  all  instrumental  errors,  except  those  due  to  collar  inequality, 
are  eliminated  by  the  observations,  the  mean  readings  should  always 
be  the  same  unless  influenced  by  atmosphei'ic  and  temperature  effects. 
Also,  if  back  and  fore  sights  ai'e  equally  affected,  the  difference  of  ele- 
vation between  the  two  points  should  remain  constant.  However,  the 
difference  of  elevation  did  not  remain  constant,  and  back  and  fore 
sight  readings  changed,  but  the  changes  were  unequal. 

This  phenomenon  was  not  produced  by  refraction,  because  the 
sight  (30.4  m.)  was  altogether  too  short  to  show  refractive  changes. 
It  was  not  the  result  of  air  vibrations  for  the  same  reason,  and  in  fact 
repeated  readings  by  different  observers  never  disagTced  by  more  than 
0.1  mm.  No  material  vibrations  could  be  observed  which  indicated 
sudden  or  rapid  changes  going  on,  excejit  when  jiassing  clouds  shut 
out  the  sun.  The  maximum  producible  change  on  the  rods,  due  to 
the  range  of  temperature  gone  throiigh  by  the  experiments,  could  not 
exceed  0.04  mm.,  which  is  too  small  to  warrant  consideration.  The 
absolute  temperature  could  not  have  been  the  cause,  for  the  readings 
at  4. 15  A.  M.  and  3  p.  m.,  while  they  agree,  were  taken  at  widely  differ- 
ent temperatures,  and  others  taken  at  only  slightly  different  tempera- 
tures near  noon,  show  the  widest  departures. 

The  following  explanation  is  given  to  account  for  this  large  error, 
amounting  to  0.9  mm.  in  a  distance  of  60.8  m.  during  the  hottest  pari 
of  July  2d,  1899,  and  becoming  zero  at  about  8  a.  m.  and  3  p.  m.  on 
that  day:  The  afternoon  limit  was  usually  between  4  and  5  p.  m.,  but 
the  cloudiness  brought  on  the  normal  conditions  much  earlier  on  the 
day  in  question;  in  fact,  the  notes  indicate  that  whenever  the  sun  was 
completely  shut  off"  the  readings  came  back  to  normal.  It,  therefore, 
follows  that  at  certain  times  during  the  hottest  portion  of  the  day 
the  sun  affects  instrument  pointings  differently  for  different  directions 
of  pointing,  and  that  before  and  after  this  critical  jjortion  of  the  day 
such  an  effect  does  not  exist  even  though  the  temperature  remains 
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high.  Hence,  the  direction  and  intensity  of  the  sun's  rays  seem  to  be 
the  entire  cause  of  the  error. 

It  appears  from  the  observations  that  the  back-sight  readings, 
pointing  southward  and  toward  the  sun,  do  not  show  much  variation, 
while  the  fore-sight  readings  show  a  maximum  variation  of  1  mm. 
This  might  be  explained  by  the  effect  of  the  reflected  heat  rays  from 
the  ground  being  partly  cut  off  by  the  observer  while  reading  the  fore 
sight  and  not  while  reading  the  back  sight. 

The  heat  effect  from  above  remained  about  constant.  This  would 
tend  to  curve  the  eye  end  of  the  telescope  downward  on  the  fore  sight 
and  thus  incline  the  line  of  sight  ujjward,  while  the  back  sight  would 
receive  heat  from  above  and  below  and  remain  practically  unaffected. 

For  different  ground  and  other  umbrella  covers,  the  effect  may  be 
very  different  or  even  reversed.  Hence  the  importance  of  more  experi- 
ments in  this  direction,  and  the  necessity  of  confining  level  work  to 
the  early  and  late  hours  of  the  day  during  warm  weather. 

The  foregoing  experiments  show  that  a  direct  line  run  shortly  after 
sunrise  might  differ  in  result  from  a  reverse  line  run  between  10  and 
11  A.  M.  by  practically  0.9  mm.  per  60  meters,  or  15  mm.  per  kilometer, 
the  error  being  entirely  in  the  reverse  line.  Again,  a  direct  line  run 
between  10  and  11  a.  m.  might  close  well  with  a  reverse  line  run 
between  1  and  .3  p.  m.  ,  yet  both  be  materially  in  error. 

While  errors  from  this  source  cannot  be  eliminated  in  any  possible 
manner,  their  i^resence  may  be  detected  by  always  closing  a  stretch 
during  the  same  half  of  the  day.  If,  then,  the  closure  is  within  the 
allowable  limits,  it  is  safe  to  assume  that  the  temperature  effect  just 
described  did  not  exist  or  was  extremely  small.  When  the  closure  is 
wide,  due  to  this  source  of  error,  then  the  most  erroneous  line  is  the 
one  run  nearest  to  noon.  An  experimental  line  southward,  on  a  clear 
warm  day,  between  2.30  and  4.15  p.  m.,  without  any  umbrella,  differed 
from  the  result  obtained  by  duplicate  lines  on  a  cloudy  day  by  100.6 
mm.  The  length  of  the  line  was  about  1  km.,  and  the  one  run  with- 
out the  umbrella  was  too  high. 

This  coincides  in  sign  with  the  foregoing  experiments,  though  the 
closure  is  very  large  and  might  be  attributed  to  a  decimeter  error  had 
not  a  foot-rod  been  used  on  the  line  in  question. 

From  this  it  is  seen  clearly  that  the  umbrella  is  absolutely  indis- 
pensable, and  a  large  umbrella  of  close  white  duck  lined  with  two 
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thiekuesses  of  heavy  greeu  or  black  cloth,  leaving  air  simces  between 
the  several  coverings,  is  best  suited  to  the  work. 

When  liigh-<irade  work  is  necessary  during  the  warm  summer 
mouths,  conditions  jiermitting,  it  would  be  advisable  to  run  the  levels 
during  the  night.  This  will  be  found  far  more  satisfactory,  and  fail- 
ures to  close  will  scarcely  ever  occur.  Such  a  programme  is  feasible 
only  when  the  line  passes  over  good  even  roads  and  with  jiroper 
equipment  for  illuminating  the  rods  and  the  bubble. 

The  best  months  in  the  year  for  precise  level  operations  in  the 
Northern  and  Central  States  are  Aj^ril,  May,  Sej^tember,  October  and 
November,  and  sometimes  March  and  December.  It  is  best  not  to 
work  during  June,  July  and  August,  though,  with  extraordinary  exer- 
tions, good  results  may  be  obtained.  No  good  work  can  be  done  dur- 
ing the  cold  winter  months. 

In  closing,  the  following  conclusion  may  be  drawn  respecting  dujili- 
cate  lines  of  levels: 

1.  Lines  run  simultaneo-usly  in  the  same  or  opposite  directions 
may  close  well,  yet  both  be  in  error,  depending  on  the  time  of  day 
during  which  they  were  run. 

2.  Lines  run  in  the  same  or  opposite  directions  during  symmetri- 
cal parts  of  the  day,  with  respect  to  noon,  may  close  well  and  both  be 
erroneous,  depending  on  the  heat  conditions. 

3.  Lines  run  in  the  same  or  opposite  directions  at  different  times 
of  the  same  half  of  the  day  may  close  wide,  and  the  most  erroneous  line 
will  be  the  one  run  nearest  to  noon. 

Instkument  Adjustments  and  Constants. 

1.   Introductory. 

In  taking  up  this  subject  it  is  necessary  to  mention  in  advance  some 
of  the  controlling  features  of  accurate  level  observations  in  general. 

The  instrument  must  be  handled  with  great  care,  and  should 
always  be  securely  clamj^ed  while  being  carried.  The  observer 
should  always  carry  the  level  tube  and  umbrella,  leaving  the 
umbrellaman  to  transport  the  instrument,  thus  enabling  the  observer 
to  remain  quiet  and  preserve  a  steady  hand  for  manipulating  the 
level.  The  instrument  must  always  be  shaded,  and  a  cloixdy  day  is 
very  desirable  when  determining  instrument  constants.  No  work 
should  be  done  during  the  heat  of  the  day. 
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A  tase  line,  100  m.  long,  should  be  accurately  measured  on  even 
ground,  marking  the  0,  10,  20,  40,  50,  60,  80  and  100-m.  points  by  oak 
stakes  securely  driven,  with  a  spike  in  each  on  which  to  hold  the  rod. 

The  instrument  should  be  planted  firmly  and  must  not  be  disturbed 
or  shaken.     Visitors  should  be  kept  at  a  safe  distance. 

The  telescope  should  be  sharply  focused  within  the  reading  limits 
of  the  reticule,  and  the  temj^erature  of  the  instrument  should  not  be 
affected  by  handling. 

2.  Instrument  Adjustments. 

Different  instruments  may  require  slightly  different  adjustments, 
but,  in  general,  those  necessary  for  an  instrument  of  such  a  type  as 
the  Buff  and  Berger  Precise  Level  No.  2768,  Plate  I,  apply  to  nearly 
all  high-grade  instruments.     These  adjustments  are  as  follows: 

a.  The  Adjustment  of  the  Small  Tubular  Levels. — For  coarse  setting  of 
the  instrument,  this  adjustment  is  conducted  as  for  the  plate  levels  of 
a  transit,  and  would  be  the  same  for  a  watchglass  level  such  as  used  on 
the  Kern  instrument.  Fig.  1 ,  Plate  II.  The  levels  are  brought  to  the 
center  by  means  of  the  leveling  screws,  and  the  instrument  is  then 
revolved  180°  about  its  vertical  axis.  If  the  bubbles  remain  in  the 
center  they  are  in  adjustment,  otherwise  adjust  for  half  the  error  and 
repeat  the  process. 

h.  To  Make  the  Horizontal  Threads  Horizontal. — These  threads  should  be 
horizontal  for  both  the  normal  and  inverted  positions  of  the  telescope. 
Adjust  the  stop  device  until  the  mean  horizontal  thread  gives  the  same 
reading  on  a  rod  when  the  j^reviously  leveled  instrument  is  swung 
slightly  in  azimuth,  so  that  the  rod  i^asses  through  the  entire  field  of 
the  telescoi^e.  This  is  done  for  the  telescope  normal  and  inverted, 
and  should  be  rejjeated  until  no  appreciable  error  remains. 

c.  To  Make  the  Thread  Adjustment. — Sight  on  a  rod  placed  about  50 
m.  away.  Read  three  threads  with  telescope  normal  and  level  tube 
direct,  then  invert  telescojje  and  read  the  three  threads  again,  having 
the  bubble  in  the  center  each  time.  The  difference  between  the  means 
for  the  two  sets  is  the  thread  error,  which  is  corrected  by  moving  the 
reticule  by  one-half  the  amount  of  the  error.  The  test  is  then 
repeated.  This  error  may  readily  be  reduced  to  0.2  mm.  in  50  m.  and 
should  not  be  allowed  to  exceed  1  mm.  for  the  same  distance. 

After   making  this    adjustment   it   is  well  to  test    the    mounting 
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of  the  objective  leus,  which  is  clone  bv  watchiug  the  image  of  an 
object  while  the  telescope  is  being  revolved.  If  the  image  and  the 
reticule  appear  to  move  together  in  a  circle,  then  the  objective  is 
eccentrically  mounted.  Another  test  is  to  read  a  rod  with  bubble  in 
center,  then  unscrew  the  objective  lens  sufficient  to  move  it  through 
180^  aud  repeat  the  reading.  Allowing  for  the  play  between  the 
threads,  the  two  readings  should  coincide. 

(/.  To  Make  the  Level  Tube  Parallel  to  the  Telescope  Axis. — This  is  done 
by  two  adjustments,  the  lateral  and  the  vertical.  The  instrument  is 
carefully  leveled  and  clamped,  the  bubble  is  brought  to  the  center,  and 
then  the  level  tube  is  tilted  laterally  and  the  bubble  allowed  to  come  to 
rest.  If  this  position  of  rest  is  not  in  the  center,  then  the  projjer  end 
of  the  level  tube  must  be  adjusted  laterally  until  the  bubble  remains 
in  the  center  for  all  positions  of  tilt  ijermissible  between  the  forked 
lateral  supports.  This  adjustment  should  be  carefully  made  and  be 
frequently  tested,  as  errors  due  to  such  lack  of  adjustment  cannot  be 
corrected. 

The  vertical  adjustment  of  the  level  tube  is  performed  by  clamjjing 
the  instrument  in  a  level  position,  bringing  the  bubble  to  the  center, 
and  then  reversing  the  level  tube  on  the  telescope  collars.  If  the 
bubble  comes  to  rest  in  the  center,  after  reversal,  the  level  tube  is  in 
adjustment,  otherwise  adjust  half  the  error  on  the  vertical  adjustment 
of  the  level  tube  and  take  up  the  other  half  on  the  leveling  screws. 
Eepeat  the  operation  until  the  error  does  not  exceed  one  second  in 
pointing,  or  one  2-mm.  division  of  a  2-second  level.  Strictly  si^eak- 
ing,  the  level  tube  is  made  parallel  to  the  elements  of  contact  between 
the  level  tube  and  the  telescoj^e  collars,  while  the  telescope  axis  is 
determined  by  the  relative  sizes  of  the  collars,  which  are  generally 
unequal.     This  subject  is  taken  up  later. 

e.  The  Parallax  of  the  Level  Tube  Mirror. — This  is  removed  by 
adjusting  the  inclination  of  the  mii-ror  to  such  an  angle  that  the 
bubble  is  seen  in  the  same  position  whether  viewed  in  the  mirror  by 
the  observer  with  his  eye  at  the  eyepiece  of  the  telescope,  or  as  seen 
directly  by  a  second  observer.  This  adjustment  shoiild  be  carefully 
made  for  the  length  of  bubble  to  be  used,  and  generally  requires  no 
further  attention. 

/.  The  Verticaliiy  of  the  Pods. — This  must  be  tested  three  or  four 
times  daily  by  suspending  a  plumb-bob  between  points  provided  on 
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the  rods  for  this  purpose.  The  rod  is  supported  against  a  house  or 
tre9,  away  from  the  wiud,  and  the  rod  level  is  centered  when  the 
plumb-bob  shows  the  rod  to  be  vertical. 

3.  Determination  of  Magnifying  Power. 

There  are  several  methods  of  accomplishing  this,  and  the  two 
simplest  will  be  here  given.     Both  are  based  on  the  same  principle. 

a.  First  Met] I od. — The  rod  is  held  at  a  convenient  distance,  L,  from 
the  instrument,  and  the  apparent  size,  T,  of  the  image  produced  by  a 
decimeter  space  (0.1  m. ),  is  taken  in  a  pair  of  dividers  held  at  a  certain 
distance  I  from  the  eye.  This  is  accomj^lished  with  considerable 
accuracy  by  viewing  the  image  with  one  eye  and  the  dividers  with  the 
other.  The  apparent  size  of  the  image  is  then  measured  on  a  scale, 
and  the  distance  from  the  eye  to  the  dividers  must  be  measured  by  an 
assistant,  or,  if  the  dividers  are  held  opi^osite  the  objective,  the 
length  of  the  telescope  may  be  used.     Thus,  for  magnifying  power 

T  L 

m  =  77 Yl  ^^^  Buff  and  Berger  Level  No.  2768  gave,  for  T  =  0.105  m., 

i  =  20  m.,  and  /=  0.42  m.,  m  =  -^-r^ j—r  =  50  diameters. 

0.42  X  0.1 

b.  Second  Method. — The  following  method  is  somewhat  simpler, 
though  not  so  well  suited  to  telescopes  of  high  magnifying  power. 
The  instrument  is  sighted  on  a  rod  set  as  close  as  the  focusing  slide 
will  permit.  The  thread  interval  is  then  read  through  the  telescope 
in  the  ordinary  manner  and  also  in  its  apparent  size,  as  seen  projected 
against  the  rod,  by  viewing  the  image  through  the  telescope  with  one 
eye  and  the  rod  with  the  other.  The  ratio  between  the  two  intervals 
thus  obtained  is  the  magnifying  power.  Thus,  for  the  same  instru- 
ment placed  10  m.  from  the  rod,  the  interval  read  through  the  tele- 
scope was  0.47  dcm.  and  the  apparent  interval  projected  on  the  rod 

23.50 
was 23.50  dcm.,  hence  m  =  jrj,f  =  50  diameters. 

4.  Determination  of  One  Division  of  the  Level  Tube. 

A  rod  is  held  at  some  even  distance  from  the  instrument,  and  the 
bubble  is  brought  to  rest  near  one  end  of  the  tube,  but  within  limits 
of  the  graduation.  The  three  threads  are  read,  likewise  both  ends  of 
the  bubble.     The  bubble  is  then  brought  to  rest  near  the  other  end  of 
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the  tube  ami  the  readings  repeated.  The  two  sets  furnish  the  ohsev- 
viitions  for  one  determination.  Five  to  ten  determinations  will  give  a 
very  good  mean  value. 

The  graduations  of  the  level  tube  are  numbered  from  the  center 
toward  the  ends,  and  the  rod  readings  are  expressed  in  decimeters, 
likewise  the  distance  from  the  instrument  to  the  rod.  Calling  £",  and 
Oi  the  eye  end  and  object  end  readings,  respectively,  when  the  bubble 
was  near  the  eye  end  of  the  telescope,  and  i?i  the  corresponding  rod 
reading;  likewise  jE",  and  0.,  the  bubble  readings  when  the  bubble  was 
near  the  object  end  for  which  the  rod  reading  jRj  was  taken;  also, 
calling  I  the  distance  from  rod  to  instrument,  and  v  the  value,  in 
seconds  of  arc,  of  one  division  of  the  level  tube;  then, 

R.,  —  Ri 


/(^^^^-^^^^)sinl' 


^\ 


for  a  single  determination,  and, 

2  (R,  —  i2i) 


for  any  number  of  determinations. 

Table  No.  7  gives  an  example  in  which  five  determinations  were 
made  for  level  tube  Adolf  Pessler,  Buff  and  Berger  Level  No.  2768, 
with  2-mm.  graduations. 

The  readings  were  taken  on  10-mm.  rod  graduations. 

5.  Determination  of  the  Distance  Constants. 

According  to  the  principle  of  the  stadia,  previously  cited  in  de- 
scribing the  parts  of  a  telescope,  the  length  of  shot  from  the  center  of 
the  instrument  to  the  rod  is  I  =  k  i  -{-  c  -\-  /,  in  which  k  is  the  stadia 
constant, /is  the  focal  length  of  the  objective  and  c  is  the  distance 
from  the  center  of  the  instrument  to  the  optic  center  of  the  objective 
lens.  Hence,  if  the  length  I  is  to  be  measured,  the  constants  k,  c  and 
/"must  first  be  determined  for  the  instrument  used. 

The  constants  c  and  /  may  be  found  by  direct  measurement,  ob- 
serving that  the  telescope  should  be  focused  on  a  distant  object  before 
measuring/,  which  is  then  the  distance  from  the  reticule  (or  capstan 
adjusting  screws)  to  the  center  of  the  objective. 

From  the  foregoing  equation  it  is  seen  that  k=  -^  [I  —  (c  -|-/)  ]  from 
which  k  is  determined  by  experiment. 


66 


MOLITOR   ON    PRECISE   SPIRIT    LEVELING. 


TABLE  No.  7. 

Grossepointe,  Mich.,  June  19th,  1899. 
Temperature,  88^  Fahr,;  31.1^  Cent. 


Point. 


Rod 

No. 


dcm. 


EAD    READUfGS. 

Mean. 

Thread 

dis- 
tance. 

Level. 

i          ^ 

3 

E 

0 

1    dcm. 

dcm. 

dcm. 

dcm. 

div. 

div. 

-  E  —  0 


Telescope  normal,  level  tube  direct. 


2.466  I    21.8     I      8.8 
2.468  I      8.3     I    22.3 
Ej^—  O,  _  E^—  O, 
2 


15.034 
15.101 

16.264 
16.340 

17.500 
17.572 

16.266 
16.339 

R,- 

Bi  = 

+0.073 

15.014 
15.100 

16.250 
16.338 

17.484 
17.568 

16.249 
16.a35 

Ri- 

i?i  = 

H-0.086 

15.050 
15.120 

16.290 
16.358 

17.524 
17.590 

16.288 
16.356 

i?,- 

Ri= 

-f0.068 

15.100 
15.200 

16.338 
16.436 

17.570 
17.668 

16.336 
16.435 

R,- 

R,= 

+0.099 

15.116 
15.220 

16.350 
16.454 

17.584 
17.688 

16.350 
16.454 

i?j  — 

R,= 

-1-0.104 

div. 


1+13.0 
1—14.0 

=  + 13.5 


2.470  I     24.8     I      6.2 

2.468  I      8.9    I    22.1 

El  —  Oi       E^  —  0„ 


1+18.6 
—13.2 


2 


=  +15.9 


2.474  I 
2.470  I 


2.470  I 

2.468  I 

Ei  —  0^ 


18.5     I     12.8 
6.0     I     25.3 


I  +5.7 
1—19.3 

+12.5 


26.9 


4.8 
.9     I     22.8 

E^-a 

2 


1+23.1 
1-13.9 

=  +18.0 


2.468  I     24.7 
2.468         5.1 


7.0 
26.4 


+17.7 
-21.3 


2.4686 


Ei-Oi    E^-Oi 


3  2 

true  dist.  —  499.72  dcm. 

2(i?2  —  i?,)  =  -1-0.430  dcm.   2  (— ^ 


=  +19.5 


2      > 


2.230 


2.228 


2.240 


2.267 


2.198 


=+79.4     2.234 
mean. 


Hence  v  ■ 


0.430 


2.234",  or  since  1"  =  0.004858  mm.  per  meter, 


499.72  y  79.4  ,•    0.000004858 
V  —  0.0108  mm.  per  meter,  which  is  sometimes  a  more  convenient  form. 

The  value  as  determined  by  Adolph  Pessler.  with  the  aid  of  a  level-trier,  was  1.97" 
Ct«mperatiu-e  not  given).  The  agreement  is  as  close  as  might  be  expected  between  a 
laboratory  determination  and  one  made  in  the  open  air  at  probably  a  much  different 
temperature. 

For  the  foregoing  determination  the  probable  error  of  the  mean  value  2.334"  is 
±  0.007". 

To  do  this,  the  instrument  is  set  up  on  the  measured  base  line,  pre- 
viously mentioned,  at  a  distance  c  -|-/  behind  the  zero  mark  of  the 
base,  so  that  the  measured  lengths,  counting  from  the  zero  of  the  base, 
are  all  I  —  (c  +/)•  If  then  a  rod  be  set  at  some  one  of  the  base  jjoints 
and  the  two  extreme  threads  are  read,  the  thread  interval  thus  obtained 
gives  one  value  for  k. 

Generally  five  such  sets  of  readings  are  taken  for  each  of  several 
points  of  the  base,  from  which  a  mean  value  of  k  is  found.  Table  No. 
8  gives  such  a  determination  in  detail. 
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TABLE  No.  8.  — Determination  of  the  St.\dia  Constant  k  for  Buit 
AND  Beroer  Level,  No.  2768.     Clayton,  N.  Y.,  May  5th,  1899. 


i-ic+f) 

Rod 

No. 

Thread  Readings 

Temp. 

Thread  Intervals. 

k 

1 

a 

3 

Upper. 

Lower. 

Total. 

Remarks. 

m. 
15 

5 

dcm. 

12.624 
12.610 

dcm. 
13.uai 

dcm. 
13.380 

deg.  C. 
16.7 

dcm. 

dcm. 

dcm. 

ratio. 

12.990  13.360 
12.98(113.350 
13.026  13.402 
13.020  13.400 
13.003  13.378 

13.0^4  13.402 
13.000  13.380 
12.978  13.350 
13.022  13.400 
12.950  13.324 
12.995  13.371 

12.650  13.900 
12.600  13.846 
12.620  13.878 
12.702  13.950 
12.650  13.900 
12.644  13.895 

12.6)813.900 
12.664  13.912 
12.592  13.840 
12.680  13.922 
12.752  14.(X)0 
12.667  13.915 

19.804  22.300 
19.7^22.222 
19.902  22.400 
19.806  22.304 
19.906  22.402 
19.828  22.326 

19.926  22.426 
20.088  22.590 
20.024  22.5^4 
19.946  22.446 

12.600 

:i2.652 

12.650 

m.   112.627 

1 
5     '12.650 

12.624 

il2.6») 

12.650 

15 

0.376 

0.375 

0.751 

199.74 

m. 
5 

m. 
5 

5 

m. 
5 

12.580 
12.621 

11.4a) 
11.350 
11.38(J 
11.450 
11.400 
11.396 

11.400 
11.412 
11.340 
11.424 
11.500 
11.415 

17.. 300 
17.220 
17.400 
17.304 
17.404 
17.326 

17.422 
17.590 
17.520 

50 

0.376 

0.374 

0.750 

300.00 

SO 

1.248 

1.251 

3.499 

200.08 

Tel.  inverted. 



100 

1.348 



1.352 

3.500 

200.00 

Tel.  uormal. 

100 

18.5 

3.502 

3.498 

5.000 

300.00 

Tel.  inverted. 

117.450 

17.504 

20.004  22.506 

' 

m. 

17.497 

19.999 

22.498 

i    2.499 

1 

3.503 

5.001 

199.96 

Mean..  199. 96 


Note:  The  instrument  was  set  c-f-/=  0.60  m.  behind  the  zero  of  the  base.  The 
smallest  rod  graduation  was  1  cm. ;  magmif  ying  power  of  telescope  50  diameters.  Thread 
1  is  uppermost  in  the  field  of  the  telescope,  whether  the  latter  is  normal  or  inverted,  but 
the  upper  half-interval  is  always  the  same  and  becomes  the  lower  half -interval  for  tele- 
scope inverted. 

The  value  founcl  is  practically  200,  or,  for  distances  in  meters  and 
rod  readings  in  decimeters,  the  constant  becomes  20,  and  c  +  /  = 
O.GOm. 

When  k  is  not  an  even  hundred,  the  solution  of  the  foregoing 
formula  for  distance  becomes  somewhat  laborious,  and  a  tabulation  of 
values  of  k  i,  in  meters,  for  assumed  values  of  /,  in  decimeters,  from  1 
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TABLE  No.  9. — Determination  of  the  EESiDUAii  Errok  Due 


Clayton,  N  Y., 
May  5th,  1899. 


Back  Sights. 


Point. 

Rod 

No. 

1 
M. 

1 
M. 

1 
M. 

1 
M. 

1 
M. 

1 

M. 

1 
M. 

1 
M. 

1 
M. 

1 
M. 

Tlire 

1 

ad  readj 

ngs. 
3 

Mean, 
dcm. 

Thread 
distance. 

Temp. 

Remarks. 

0 

dcm. 

11.570 
11.558 
11.564 

11.976 
11.970 
11.973 

12.428 
12.420 
12.424 

12.276 
12.270 
12.273 

12.258 
12.252 
12.255 

13.338 
13.340 
13.339 

13.350 
13.348 
13.349 

13.364 
13.362 
13.363 

12.776 
12.774 
12.775 

12.806 
12.800 
12.803 

dcm. 

12.800 
12.798 
12.799 

13.206 
13.200 
13.203 

13.672 
13.656 
13.661 

13.506 
13.500 
13.503 

13.494 
13.492 
13.493 

13.698 
13.698 
13.698 

13.708 
13.704 
13.706 

13.724 
13.724 
13.724 

13.140 
13.134 
13.137 

13.164 
13.156 
13.160 

dcm. 

14.036 
14.026 
14.031 

14.442 
14.430 
14.436 

14.900 
14.894 
14.897 

14.746 
14.738 
14.742 

14.728 
14.722 
14.725 

Means 

14.058 
14.060 
14.059 

14.064 
14.064 
14.064 

14.086 
14.082 
34.084 

13.496 
13.494 
13.495 

13.524 
13.516 
13.520 

Means 

dcm. 
Inst 

deg.  C. 
rument  at 

the  50-m.  point  of  the 
Tel.  N.,  Level  D. 

Tel.  I.,  Level  R. 

0 

12.798 

2.467 

16.0 

Note: 

13.204 

2.463 

Value  of  the  level  was 

0 

5"  per  2-mm.  grad. 
The  smallest  grad- 

uation on  the  rods 

13.662 

2.473 

—  10  mm.   The  mag- 

0 

nifying  power  of 
the    telescope  —  50 

diameters.    Length 

13.506 

2.469 

of  bubble  —  80  mm. 

0 

Mirror    adjusted 
for  parallax. 
c+/=60m. 

13.491 

2.470 

15.8 

•ument  at 

15.8 

0 

13.3322 

2.4684 
Insti 

the  15-m.  point  of  the 

13.699 

0.720 

0 

13.706 

0.715 

0 

13.724 

0.721 

0 

13.136 

0.720 

0 

15.7 

is.iei 

0.717 

13.4852 

0.7186 

to  100,  is  very  conyenient  for  taking  out  any  distances,  even  for  a 
■whole  stretch.  To  obtain  I  for  a  single  shot,  the  constant  c  -|-/must 
be  added  to  the  tabulated  value  of  k  i,  while,  for  a  stretch  of  n  instru- 
ment settings,  the  length  becomes  L  =  k  I  -\-2n  (c  +  /),  in  which  /  is 
the  sum  of  the  thread  intervals  for  all  back  and  fore  sights  of  the 
stretch. 
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TO  CoiiiiAE  Inequauty,  ETC.,  BuFF  AND  Bekger  Level,  No.  2768. 


Fore  Sights. 


Point. 

Rod 

No. 

Thread  readings. 

Mean. 

Thread 
distance. 

Diff.  Of 
elev. 

Remarks. 

1 

a 

3 

100-m.  b 
100 

ase  lin 
5 

M. 

5 

M. 

5 
M. 

5 
M. 

5 
M. 

ase  lin 
5 

M. 

5 
M. 

5 
M. 

5 
M. 

5 
M. 

dcm. 
e,  Clayt 
18.714 
18.710 
18.712 

19.122 
19.120 
19.121 

19.588 
19.580 
19.5*4 

19.432 
19.420 
19.426 

19.412 
19.410 
19.411 

e,  Cla3rt( 

18.786 
18.796 
18.791 

18.800 
18.800 
18.800 

18.804 
18.810 
18.807 

18.230 
18.220 
18.225 

18.268 
18.236 
18.252 

dcm. 

on,  N.  Y 
19.960 
19.950 
19.955 

20.366 
20.360 
20.363 

20.820 
20.810 
20.815 

20.670 
20.660 
20.665 

20.650 
20.648 
20.649 

jn,  N.  Y 

20.898 
20.898 
20.898 

20.906 
20.902 
20.904 

20.914 
20.920 
20.917 

20.350 
20.328 
20.339 

20.380 
20.350 
20.365 

dcm. 

21.196 
21.190 
21.193 

21.600 
21.600 
21.600 

22.052 
22.048 
22.050 

21.900 
21.898 
21.899 

21.888 
21.886 
21.887 

Means 

23.002 
23.010 
23.006 

23.010 
2S.010 
23.010 

23.024 
23.036 
23.030 

22.460 
22.446 
22.453 

22.490 
22.464 
22.477 

Means 

dcm. 

dcm. 

mm. 

Tel.  N.,  Level  D. 

Tel.  I.,  Level  R. 

100 

19.953 

2.481 

—715.5 

100 

20.361 

2.479 

-715.7 

100 

20.816 

2.466 

—715.4 

B.  S.  =  49.968  m. 

F.  S.  =  50.100  m. 

EX.F.S.  +  0.132  m. 

100 

20.663 

2.473 

—715.7 

20.649 

2.476 

—715.8 

100-m.  b 
100 

20.4884 

2.4750 

—715.62 

100 

20.898 

4.215 

—719.9 

F.  S.  =  85.004  m. 

B.  S.  =  14  972  m. 

Ex.F.  S.  +  70.032  m. 

100 

20.905 

4.210 

—719.9 

Residual  Excess  F.  S. 
= +69.90  m. 

100 

20.918 

4.223 

—719.4 

True  D.  =  —715.62mm. 
Err.  D.=  — 719.98mm. 
Resid.  =  4-     4.36mm. 
for  69.9m.  Excess  F.S. 

or  =  +0.0624  mm. 
per  meter  Excess  of 

100 

20.339 

4.228 

—720.3 

F.S. 

20.365 
20.6850 

4.225 

—720.4 

4.2202 

—719.98 

6.  Determination  of  the  Residual  Error  clue  to  Collar  Inequality,  etc. 
The  method  adopted  bj  the  writer  is  designed  to  determine  the 
residual  inclination  in  the  line  of  sight  caused  by  inequality  in  the 
telescope  collars,  etc.,  independent  of  the  various  other  level  tube  and 
telescope  errors,  by  a  direct  inductive  method.  The  text-book 
method  of  determining  collar  inequality,  by  level  tube  and  telescope 
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reversals,  has  already  been  explained  and  found  erroneous,  because 
not  all  of  the  governing  conditions  are  materialized  in  practice. 

Observations  are  taken  on  the  measured  base  jireviously  men- 
tioned, using  the  method  of  reading  adopted  for  regular  precise  level 
work. 

The  instrument,  which  has  been  carefully  adjusted,  is  set  up  at  the 
50-m.  point  of  the  base,  and  five  or  ten  sets  of  sights  are  taken  on  rods 
held  at  the  zero  and  100-m.  jjoints,  as  follows:  With  telescoj^e  normal 
and  level  tube  direct,  the  back  sight  is  read  ou  the  rod  held  on  the 
zero  point  of  the  base,  the  instrument  is  then  swung  on  the  rod  at  the 
100-m.  point  and  the  fore-sight  reading  taken.  The  telescope  is  then 
inverted  and  the  level  tube  is  reversed  and  the  readings  are  repeated, 
commencing  with  the  fore  sight.  This  constitutes  one  set  of  sights. 
All  readings  are  taken  ■\\-ith  the  bubble  in  the  center. 

The  instrument  is  then  set  at  some  other  point  near  one  end  of  the 
base  so  that  the  back  and  the  fore  sights  are  very  unequal.  The  15-m. 
point  was  generally  used.  The  same  number  of  sets  of  sights  is  then 
taken  as  before  on  the  rods  at  the  zero  and  100-m.  points  of  the  base. 

Ifc  will  be  observed  that  this  system  of  reading  eliminates  all  errors 
of  the  level  tube,  the  reticule,  eyepiece  movements,  and  mounting  of 
the  objective  lens,  and  because  the  back  and  fore  sights  were  exactly 
equal  in  the  first  series  of  sets,  the  remaining  errors  due  to  parallax 
and  to  inequality  in  the  collars  are  also  eliminated  in  these  sets. 
However,  the  sets  of  the  second  series  involve  both  these  last-named 
errors  for  a  70-m.  excess  of  fore  sights.  The  parallax  error  should  be 
eliminated  by  adjustment  of  the  mirror,  thus  leaving  the  collar  in- 
equality as  the  only  remaining  source  of  error  in  the  second  series. 
Hence,  the  residual  inclination  is  found  by  comiDaring  the  diflferences 
of  elevation  between  the  zero  and  100-m.  points  as  found  by  the  two 
series  of  observations. 

Temperature  and  atmospheric  influences  must  be  carefully  avoided 
in  these  observations  by  choosing  a  j^roper  time  of  day,  or  cloudy 
weather. 

When  the  horizontal  distance  between  the  cradle  supports  of  the 
telescope  differs  from  the  distance  between  the  contact  points  of  the 
collars  with  the  level  tube,  then  the  only  wear  on  the  collars  which 
aflfects  the  above  residual  inclination  is  that  which  takes  place  on  the 
collars  under  the  level  tube.     This  wear  is  very  slow  and  may  be 
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ftlmost  entirely  preveuted  by  applying  the  precaution  of  lifting  off  the 
level  tnbe  whenever  the  telescope  is  being  reversed  and  when  the 
instrument  is  being  carried. 

Past  practice  has  been  to  construct  the  cradle  and  level  tube  with 
such  dimensions  as  to  bring  the  four  contact  points  on  each  collar 
exactly  in  a  plane.  The  wear  resulting  from  the  cradle  supports  will 
then  affect  the  level  tube  bearings,  and  the  whole  matter  of  collar 
inequality  reaches  a  chaotic  stage  beyond  all  possibility  of  solution. 
Hence,  this  condition  should  be  carefully  avoided,  and  it  might  be 
suggested  that  a  pair  of  collars  be  provided  for  the  cradle  supports 
independent  of  those  for  the  level  tube. 

An  example  of  a  complete  determination  of  the  residual  error  due 
to  collar  inequality  is  given  in  Table  No.  9.  The  result  found  is 
-f-  0.0624  mm.  per  meter  excess  of  fore  sights,  and  the  rule  for  applying 
this  error  is,  therefore:  On  direct  lines,  the  difference  of  elevation 
between  two  successive  bench-marks  is  algebraically  increased  for  a 
positive  excess  of  fore  sights,  and  on  reverse  lines  the  difference  of 
elevation  is  algebraically  increased  for  a  negative  excess  of  fore  sights, 
provided,  that  the  difference  of  elevation  is  given  the  same  sign  as  for 
the  direct  line. 

7.  Eyepiece  Movements. 

When  the  eyepiece  is  afflicted  with  irregular  movements  for  different 
focal  distances,  the  thread  adjustment  becomes  very  unreliable,  and, 
in  fact,  an  instrument  having  such  a  defect  is  not  suitable  for  accurate 
work. 

The  most  dangeroiis  error  is  produced  by  lateral  looseness  of  the 
eyepiece  slide,  which  causes  the  eyepiece  to  drop  slightly  after  each 
inversion  of  the  telescope,  and  thus  vitiates  all  readings.  Eegiilar 
linear  motion  is  necessary,  even  though  the  direction  is  inclined  to  the 
axis  of  the  telescope.  Such  regular  inclination  is  entirely  eliminated 
by  readings  in  the  normal  and  inverted  positions  of  the  telescope, 
while  the  irregular  looseness  affects  each  sight  and  each  position 
differently.  Hence  the  importance  of  proper  design  and  careful 
construction  of  this  detail  of  the  telescojie,  to  which  attention  has 
already  been  invited. 

To  determine  the  presence  and  character  of  these  eyepiece  move- 
ments, the  following  tests  should  be  made: 
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First,  perform  several  inversions  of  the  telescojDe,  each  time  read- 
ing a  rod  placed  60  to  70  m.  from  the  instrument.  If  these  readings 
show  no  changes  or  marked  variations  in  the  thread  error,  then  there 
is  no  lateral  looseness  of  the  eyepiece  slide.  However,  it  frequently 
hapjjens  that  such  looseness  develops  as  a  result  of  wear,  or  when 
working  during  extremely  warm  weather.  It  is  well  to  have  the  eye- 
piece move  somewhat  hard,  and  a  thick  lubricant,  such  as  tallow,  is 
preferable  in  warm  weather,  while  a  more  fluid  oil  may  be  used  in  cold 
weather. 

Second,  to  determine  the  obliquity  of  motion  of  the  eyepiece 
slide,  the  instrument  should  be  set  up  5  or  10  m.  behind  the  zero  mark 
of  the  measured  base  line  and  readings  taken  on  such  points,  the  ele- 
vations of  which  have  been  determined  previously  by  shots  of  equal 
back  and  fore  sights.  Such  a  set  of  readings,  which  may  be  repeated 
several  times  for  level  tube  direct  and  reversed,  but  without  inverting 
the  telescope,  will  give  a  profile  of  the  line  of  sight,  which  should  be 
a  straight  line.  The  inclination  of  this  line  of  sight  for  the  different 
points  sighted  should,  of  course,  be  constant,  and  by  comparing  this 
mean  inclination  with  the  error  due  to  collar  inequality,  the  resultant 
of  the  two  is  the  inclination  due  to  obliquity  of  eyepiece  motion. 

TABLE  No.  10. — Detekmtnation  op  Obliquity  of  Eyepiece  Motion. 


Point. 


Length  op 


To. 

From. 

20 

0 

4() 

0 

60 

0 

60 

0 

80 

0 

40 

0 

80 

0 

80 

0 

100 

0 

VX) 

0 

Instru- 
ment set  at, 
point  of 
base. 


B.S. 


F.S. 


Difference  of 
Elevation. 


True,  for 
equal 
sights. 


mm. 

-  288.1 

-  501.6 

-  737.4 

-  737.4 

-  897.9 

-  501.6 

-  897.9 

-  897.9 
-1115.5 
-1115.5 


Erroneous 

for 
unequal 
sights. 


mm. 

+  289.6 
--  500.4 
--  736.3 
--  735.0 
--  885.6 
--  504.4 
--  900.5 
--  894.6 
-1111.7 
- -1110.4 


Error. 


mm. 


tl 


-1.5 

-hi. 2 
1.1 
h2.4 
-f-2.3 
—2.8 
—2.6 
-1-3.3 
-i-3.8 
+5.1 


Excess 

of 
F.S. 


m. 

-20 

-f20 
4-30 
-HO 

-HiO 

-40 
—10 
-1-60 
-1-60 
4-80 


Obliquity 

of  line  of 

sight. 


mm.  per 
meter. 

—0.0750 
-)-0.0600 
4-0.0550 
-1-0.0600 
-HO. 0575 
—0.0700 
—0.0640 
-fO.0550 
-i-0.0633 
-f0.0638 


Mean  -  0.0625. 


Table  No.  10  gives  the  results  of  a  set  of  observations,  for  which 
each  value  is  the  mean  of  two  sets  of  readings  of  three  threads,  each 
for  level  direct  and  level  reversed.     The  error  of  estimation  is  prob- 
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ably  large,  because  the  observer  (the  writer)  had  not  yet  attained  the 
necessary  skill  in  estimating  on  10-mm.  rod  graduations. 

The  instrument,  Butf  and  Berger  Level,  No.  2768,  was  here  placed  at 
different  points  of  the  base  line,  but  it  would  be  better  to  follow  the 
plan  above  outlined.  The  level  tul)e  had  a  curvature  of  5  seconds 
per  2  mm.,  the  smallest  rod  graduation  was  10  mm.,  and  the  magni- 
fying power  of  the  telescope  was  50  diameters.  The  ratio  of  the  tele- 
meter threads  was  1 :  100,  which  is  partly  the  fault  of  poor  estimation 
on  the  extreme  threads. 

The  obliquity  of  the  line  of  sight  found  for  excess  of  fore  sights  vary- 
ing from  20  to  80  m.  is  practically  constant,  and  hence  the  eyepiece 
moves  m  a  straight  line. 

8.  Determination  of  A  of  Rods. 

This  may  be  done  by  direct  measurement,  with  a  finely  divided  steel 
scale,  or  it  may  be  accomjjlished  with  the  aid  of  the  leveling  instru- 
ment. 

The  latter  method  consists  of  repeated  readings  taken  on  the  rod 
held  on  a  specially  jjrejiared  sjjike  head  and  then  a  second  set  of  read- 
ings taken  on  a  steel  scale  held  on  the  same  mark.  The  mean  differ- 
ence of  the  two  sets  of  readings  is  the  A  of  the  rod. 

Field  Methods  of  Pbecise  Leveling. 
1.   Organization  and  Subsistence  of  the  Field  Party. 

a.  Organization. — A  field  party,  while  it  may  be  differently  consti- 
tuted to  comply  with  conditions  and  circumstances  peculiar  to  certain 
localities,  is  generally  comiDosed  of  an  observer,  who  is  chief  of  the 
party,  a  recorder,  two  rodmen  and  an  umbrellaman.  Sometimes  an 
axeman  is  required  when  lines  must  be  cleared  of  brush.  A  cook  and 
camp  outfit  may  be  necessary  when  the  party  cannot  subsist  on  the 
farming  community. 

A  iJroper  make-up  of  energetic,  active,  well-educated  and  practical 
men  is  the  prime  necessity  when  high-grade  work  is  expected.  The 
very  best  are  none  too  good  for  precise  leveling,  and  it  is  economy  to 
employ  only  efficient  men  at  high  comi^ensation,  even  for  the  better 
grades  of  railroad  levels.  This  apjilies  equally  to  the  instrumental 
outfit  with  which  a  party  is  equipj^ed. 
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On  all  astronomical  and  i^recise  geodetic  work  tlie  high  degree  of 
accuracy  is  attained  by  the  most  delicate  instruments  handled  in  a 
most  skillful  manner  to  obtain  a  large  number  of  observations  of  each 
unknown  quantity,  from  which  the  best  mean  values  may  be  deduced. 
According  to  most  recent  standards  of  jirecise  leveling  the  accu- 
mulated error  of  say  9  000  individual  rod  readings,  covering  400  km. 
of  levels,  must  not  exceed  40  mm.  and  often  falls  below  10  mm.  This 
must  be  accomplished  in  the  open  air,  over  any  ground,  and  at  nearly 
all  seasons  of  the  year.  A  certain  daily  rate  of  jjrogress  is  expected, 
and  the  atmospheric  conditions  are  frequently  prohibitive  of  good 
work,  thus  forbidding  the  repetition  of  observations  and  the  rejection 
of  work  which,  though  not  perfect,  must  be  accepted  because  it  falls 
within  certain  arbitrary  limits  of  requirement.  There  is  no  oppor- 
tunity to  select  a  best  value  or  a  mean  of  many  observations.  There 
is  but  one  result  and  that  must  be  correct  within  certain  specified 
limits. 

From  this  statement  of  the  facts  it  becomes  apparent  that  the 
ability  and  skill  required  of  a  precise  levelman  is  of  a  very  high  order, 
somewhat  at  variance  with  the  commonly  accepted  idea. 

The  observer  and  chief  of  a  jirecise  level  party  must  be  a  special- 
ist, possessing  a  thorough  scientific  training  and  having  a  faculty 
for  careful  and  patient  research  united  with  a  natural  adapta- 
tion to  artistic  manipulations.  He  must  always  lead  and  provide  for 
the  welfare  and  comfort  of  his  party,  frequently  to  the  extent  of  sup- 
plying medical  aid.  He  must  often  be  satisfied  with  a  meager  com- 
pensation and  with  little  recognition  for  the  quality  of  his  services, 
because  such  service  is  rarely  appreciated  except  by  one  who  has  been 
"  through  the  mill  "  himself. 

The  recorder  should  be  a  college  graduate  with  several  yeai-s'  prac- 
tical experience,  especially  in  the  computing  department  of  geodetic 
and  survey  work.  He  miistbe  very  quick  and  correct  in  recording  and 
reducing  observations,  and  must  keep  clean  and  legible  notes.  Much 
of  the  success  of  a  party  dejiends  on  the  ability  of  the  recorder  to  fill 
his  position  well. 

The  rodmen  should  be  college  graduates,  as  besides  their  regular 
duties  of  rodding,  they  must  be  able  tc  check  the  field  note  reduction 
and  computation  made  by  the  recorder.  Without  such  assistance  the 
labor  devolving  on  the  recorder  and  observer  would  be  excessive,  and 
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the  progress  of  the  work  would  be  retarded.  The  duties  of  the  rodmen 
are  exactly  the  same,  and  there  should  be  no  distinction,  such  as  head 
and  rear  roduiau. 

There  are  no  special  qualifications  attaching  to  the  umbrellaman  or 
possible  axeman,  except  that  the  former  must  carry  the  instrument  and 
must  be  cautious  and  trustworthy. 

The  chief  of  party  shoiild  be  allowed  to  appoint  his  own  assistants, 
and  he  alone  is  then  responsible  for  the  quality  and  quantity  of  work 
performed.  The  several  members  of  a  party  should  be  congenial,  and 
pull  together.  The  general  principles,  as  well  as  the  details  of  the 
work,  should  be  familiar  to  all,  and  ample  oj^portunity  should  be 
given  for  the  free  discussion  of  any  doubtful  matters  which  may  arise. 

b.  Subsistence. — The  peculiarities  of  leveling  over  long  stretches  of 
country  necessarily  bring  about  conditions  which  are  radically  differ- 
ent from  other  field  work,  and  a  few  remarks  on  this  subject  may  be 
in  order  here. 

The  engineer  has  often  been  compared  with  the  tramp,  which  is 
more  or  less  justifiable  on  some  kinds  of  work;  but  when  leveling  is  the 
subject  under  consideration,  the  slight  distinctions,  usually  claimed  in 
favor  of  the  engineer,  vanish  into  insignificance. 

Owing  to  the  raj^id  progress  of  a  leveling  party,  it  is  necessary  to 
move  headquarters  about  every  second  or  third  day,  and  this  jjrevents 
the  use  of  a  regular  camping  outfit,  unless  it  be  in  the  form  of  a  gypsy 
caravan  with  team  and  wagon.  This  is  generally  more  exjjensive  than 
subsisting  on  the  farming  community,  and  is,  therefore,  not  resorted 
to,  except  when  passing  through  unsettled  country. 

Boarding  with  the  farmers,  however,  is  not  always  a  pleasant  ex- 
istence, as  those  who  have  experience  will  testify.  Every  farmer 
wishes  to  profit  by  the  misery  of  the  party,  and  the  usual  result  is  that 
hotel  rates  are  charged  and  tramp  accommodations  are  offered.  There 
are  exceptions  to  this  rule,  but  they  are  very  rare  and  enjoy  a  long  life 
in  the  memory  of  the  levelman. 

The  i3ersonal  baggage  must  be  confined  to  a  minimum,  as  there  are 
times  when  each  man  must  pack  his  own  belongings  and  work  as  he 
goes.  At  other  times  a  horse  and  buggy  may  be  secured  for  this 
service. 

Working  hours  are  generally  from  sunrise  until  atmospheric  inter- 
ference prevents  further  progress,  and  again  in  the  afternoon  when 
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work  becomes  possible  until  sunset.  This  makes  the  busiest  time  for 
the  levelman  at  the  usual  breakfast  and  supper  hours,  which  adds 
greatly  to  the  discomfiture  of  both  parties  concerned. 

The  foregoing  will  suffice  to  enable  the  reader  to  draw  his  own  con- 
clusions regarding  the  pleasantries  of  the  levelman's  occupation. 

2.     Systems  of  Leveling. 

The  value  of  a  single  line  of  levels  has  often  been  over-estimated, 
assuming  that  careful,  conscientious  work  would  yield  correct  results. 
It  is  never  known  with  absolute  certainty,  however,  when  work  is  cor- 
rect unless  at  least  two  results  are  obtained,  and  even  then  cases  are 
on  record  where  both  results  were  erroneous,  yet  agreeing  fairly  well 
with  each  other. 

Several  systems  of  duplicate  leveling  have  been  used  with  the  dis- 
tinct puri)ose  to  check  work  and  at  the  same  time  to  eliminate  injurious 
atmosijheric  influences;  also  to  detect  heaving  or  settling  of  instru- 
ments and  other  sources  of  error.  The  methods  commonly  used  were 
to  run  duplicate  simultaneous  lines,  using  one  instrument  and  two  sets 
of  turning  points,  or  two  instruments  and  one  set  of  turning  points;  to 
run  dui^licate  simultaneous  lines  in  opposite  directions  using  two  com- 
plete party  outfits;  to  run  duplicate  lines  in  opposite  directions  by  the 
same  party,  dividing  the  work  variously  between  forenoons  and  after- 
noons. The  method  generally  prevailing  is  to  run  one  way  in  the  forenoon 
and  to  dupHcate  the  work  in  the  opposite  direction  in  the  afternoon. 

The  experiments  conducted  by  the  writer,  however  (see  Table  No. 
6),  to  show  the  effect  of  time  of  day  and  direction  of  line  on  the  closure 
of  level  lines,  answer  this  question  very  conclusively.  Accordingly, 
there  apjaears  to  be  but  one  method  of  detecting  the  principal  error 
due  to  temperature  or  radiation  and  that  is  to  run  duplicate  lines  in 
opposite  directions  by  a  single  party,  closing  each  stretch  in  the  same 
half  of  the  day.  This,  however,  is  merely  a  means  of  detecting  the 
presence  of  errors  from  this  source;  such  errors  may  be  eliminated  only 
by  dividing  the  work  equally  between  the  two  halves  of  the  day  for  the 
entire  line  of  levels. 

This  view  is  quite  different  from  that  ordinarily  held  by  most 
authorities,  but  the  conclusion  above  reached  supersedes  all  theo- 
retical reasoning,  being,  as  it  is,  the  result  of  actual  observation  and 
exijeriment. 
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On  some  recent  Government  work,  a  system  of  single  lines  has  Leon 
adopted  with  the  exi)ectation  of  cheeking  or  closing  the  work  by  level- 
ing in  large  polygonal  lines  forming  a  net.  If  such  work  be  carried 
on  in  a  continuously  forward  direction,  the  errors  are  very  ajit  to  be 
cumulative.  If  work  be  run  direct  and  reverse  on  alternate  days,  the 
error  will  be  materially  reduced,  but  such  a  level  line  will  be  unsatis- 
factory and  may  embrace  many  serious  local  undulations  and  still  close 
well  on  an  entire  polygon. 

Hence,  if  high-grade  work  is  required,  it  is  absolutely  necessary  to 
run  forward  and  back  over  each  stretch,  and,  according  to  the  wi-iter's 
experience,  each  stretch  should  be  closed  in  the  same  half  of  the  day, 
choosing  the  length  of  the  stretch  to  make  this  requirement  jDossible. 

3.  Instrument  Adjustments  and  Constants. 

The  manner  of  adjusting  a  level  and  determining  its  constants 
has  already  been  given  in  full  detail,  and  hence  only  a  few  remarks  are 
necessary  here. 

When  a  party  enters  the  field  to  commence  leveling  operations,  the 
first  thing  is  to  measure  a  base  line  and  mark  the  ends  and  intermedi- 
ate points  on  bed-rock  or  on  very  solid  stakes  with  large  spikes  for 
turning  points.  The  instrument  constants  should  then  be  carefully 
determined  and  a  permanent  record  kept  of  all  work  done.  The  same 
observations  should  be  repeated  at  the  completion  of  the  work,  or  at 
the  close  of  the  field  season,  if  possible  on  the  same  base  line. 

The  adjustments  of  the  level  should  be  tested  every  day  before 
doing  any  leveling,  and,  if  found  excessive,  the  instrument  must  be 
carefully  adjusted.  As  will  be  seen  presently,  the  combined  error  of 
the  cross-threads  and  level  tube  is  measured  by  each  set  of  observa- 
tions, and,  whenever  this  becomes  excessive  (exceeds  1  mm.  in  50  m.), 
it  is  well  to  readjust  the  cross-threads  and  level  tube.  The  lateral 
adjustment  of  the  level  tube  and  the  plate  levels  do  not  require  much 
attention,  though  the  eyepiece  movements  should  be  constantly 
watched,  as,  in  extreme  temperatures,  ii-regularities  often  occur  which 
would  prove  serious  if  not  detected  at  the  time. 

When  working  with  a  very  delicate  level,  great  care  shoiild  be  exer- 
cised not  to  expose  the  instrument  to  sudden  changes  of  extreme  tem- 
peratures, as  is  very  apt  to  occur  in  cold  weather.  The  level  should 
be  maintained  as  nearly  as  possible  at  the  atmosi^heric  temperature, 
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and  should  not  be  left  standing  in  the  sun  or  be  placed  in  a  -warm 
room  after  being  used  in  the  cold. 

Attention  should  be  called  to  the  fact  that  it  is  useless  to  attempt 
the  adjustment  of  an  instrument  before  it  has  stood  long  enough  to 
take  on  an  even  temperature  in  the  air  where  it  is  to  be  used.  This 
may  require  15  minutes  or  more  after  being  removed  from  the  case, 
and  can  be  best  determined  by  observing  the  constancy  in  the  length 
of  the  bubble,  which  is  a  determining  factor.  A  single  reversal  of  the 
level  tube  is  not  considered  sufficient  to  decide  whether  or  not  the 
level  tube  requires  adjustment,  but  at  least  two,  and  generally  three  or 
four,  are  necessary  to  determine  the  real  state  of  affairs.  Hasty  action 
will  often  cause  much  useless  labor  and  delay.  A  level  which  was  in 
adjustment  when  placed  in  the  case  will  scarcely  ever  be  so  when  again 
set  on  the  tripod,  but  in  a  few  minutes  it  frequently  returns  to  perfect 
adjustment. 

The  rods  should  be  tested  regularly,  morning,  noon  and  evening, 
and,  when  not  plumb,  the  rod  levels  should  be  adjusted. 

It  is  not  necessary,  according  to  the  method  of  observing  advocated 
in  the  following,  to  measure  and  record  errors  of  adjustment,  as  these 
errors  are  not  sufficiently  constant  to  justify  their  use  in  applying  cor- 
rections. 

4.  Atmospheric  Conditions  Permitting  Accej^table  Work. 

The  opinions  regarding  this  important  factor  are  so  varied  that,  to 
the  inexperienced,  it  may  seem  impossible  to  follow  any  definite  rule. 

The  majority  of  writers  take  the  stand  that  work  may  be  profitably 
carried  on  when  the  aii-  is  sufficiently  quiet  to  enable  the  observer 
to  obtain  a  good,  steady  image,  when  the  rod  is  placed  at  about  30  m. 
from  the  instrument,  independent  of  the  time  of  day.  This  is  entirely 
inadmissible  in  warm  weather,  as  is  clearly  shown  by  the  experiments 
given  in  Table  No.  6. 

A  steady  image  is,  however,  only  one  of  the  many  governing  con- 
ditions for  obtaining  good  work.  It  may  be  accepted  as  satisfactory 
evidence  of  normal  conditions  when  the  sun  is  completely  hidden  by 
dense  clouds  so  that  not  merely  the  instrument,  but  the  entire  dis- 
tance sighted  over  is  in  the  shade. 

On  clear  or  partially  cloudy  days,  gi-eat  care  and  good  judgment 
are  required  to  obtain  acceptable  readings  during  midday  hours,  which 
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in  tbe  warm  summer  montlas  may  comprise  from  8  a.  m.  to  5  p.  m., 
leaving  only  the  early  morning  and  late  evening  liours  for  work.  In 
the  cooler  weather  of  spring  and  fall,  leveling  may  l»e  done  at  nearly 
all  hours,  though  excessive  dampness  of  the  groimdj  combined  with 
warm  air,  may  frequently  cause  trouble. 

The  following  method  of  observing  is  intended  to  furnish  the 
means  of  detecting  any  abnormal  atmospheric  conditions  or  rapid 
changes,  and  the  observer,  if  he  is  very  careful,  will  soon  learn  to 
judge  the  reliability  of  his  readings  by  the  behavior  of  the  bubble  and 
the  coincidence  of  his  pairs  of  observations. 

However,  the  error  shown  to  exist  in  very  warm  weather  (see  Table 
No.  6)  cannot  be  detected,  except  by  the  closure  of  a  line,  and  the 
best  and  most  careful  work  may  be  done  under  seemingly  good  condi- 
tions without  yielding  satisfactory  results. 

To  test  the  atmospheric  conditions,  the  following  method  may 
prove  serviceable  Avhen  working  in  very  warm  weather.  At  a  conve- 
nient place  near  each  camp,  drive  three  stakes  in  approximate  direction 
of  the  level  line  and  about  50  m.  apart  (set  by  the  level).  Large 
spikes  should  be  driven  in  the  first  and  third  stakes.  The  instrument 
is  set  ujj  over  the  center  stake,  and  the  difference  of  elevation  between 
the  first  and  last  stakes  is  carefully  determined  very  early  or  very  late 
in  the  day  or  during  cloudy  weather.  Whenever  the  atmospheric  con- 
dition is  uncertain  it  may  be  tested  by  setting  the  instrument  over  the 
middle  stake  and  taking  a  set  of  readings  on  the  first  and  third  stakes. 
If  the  resulting  difference  of  elevation  does  not  check  the  one  pre- 
viously found  under  known  conditions,  within  the  allowable  error  of 
estimation,  then  no  acceptable  work  can  be  executed. 

Working  during  the  wai-m  summer  months,  June,  Jnlj  and  August, 
has  many  disadvantages,  and  the  recommendation  previously  made, 
respecting  the  advisability  of  night  leveling  will  be  well  worth  consid- 
eration if  within  the  limits  of  jjossibility. 

5.  Method  of  Observing. 

The  method  of  observing,  advocated  by  the  writer,  is  such  as  to 
eliminate  all  instrumental  errors  in  the  observations  themselves,  and 
obviate,  as  far  as  possible,  all  mathematical  manipulations  in  the  form 
of  corrections.  It  is  held  that  careful  observations,  taken  only  under 
suitable  atmospheric  conditions,  will  lead  to  better  results  than  can 
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ever  be  expected  by  applying  more  pr  less  speculative  corrections  to 
work  of  less  exact  execution. 

The  instrument  should  always  be  completely  shaded  from  the 
direct  rays  of  the  sun,  and  should  be  protected  from  rain  and  annoying 
winds.  This  can,  with  rare  exceptions,  be  accomplished  with  a  large 
instrument  umbrella,  as  previously  described.  So-called  wind 
protectors  are  not  considered  practical  when  using  a  good  firm  tripod, 
such  as  supplied  with  Buff  and  Berger  Level  No.  2768,  though  they 
are  valuable  when  using  less  rigid  tripods.  One  of  the  best  forms  of 
protectors  was  designed  by  E.  E.  Haskell,  M.  Am.  Soc.  C.  E.,  and 
consists  of  three  10-ft.  poles  forming  a  tripod,  which  latter  is  covered 
with  canvas  to  form  a  joortable  tent.  Openings  for  taking  readings 
are  provided. 

All  rod  readings  are  taken  on  rods,  held  perfectly  plumb  by  means 
of  spirit  levels,  and  three  threads  are  read  for  each  sight.  The  bubble 
is  always  in  the  center  when  readings  are  taken,  and  the  observer  sees 
the  rod  image  with  one  eye  simultaneously  with  the  bubble  image  in 
the  mirror  with  the  other  eye. 

The  rods  are  placed  equidistant  from  the  instrument  by  the  rod  men 
counting  their  paces.  The  rodmen  become  alternately  head  and  rear 
rodman,  thus  having  exactly  the  same  duties  and  resi^onsibility. 

One  rod  is  held  on  a  starting  bench-mark  and  the  other  on  the  first 
turning  point;  the  readings  are  taken  and  the  instrument  and  rear 
rod  are  then  carried  forward  to  new  positions.  The  rear  rodman 
counts  his  paces  from  the  first  turning  point  to  the  new  instrument 
position  and  then  proceeds  ahead,  repeating  his  count  to  the  second 
turning  point.  This  process  is  continued  until  a  new  bench-mark 
is  reached.  The  instrumentman  thus  fixes  the  length  of  shot  he 
wishes  to  take,  and  both  rods  are  always  in  position  when  readings  are 
taken. 

The  readings,  constituting  one  pair  of  back  and  fore  sights,  are 
taken  as  follows:  With  the  telescope  normal  and  the  level  tube  direct, 
the  first  sight  of  the  back  sight  is  taken  with  the  bubble  in  the  center.* 
Then,  without  disturbing  the  telescope,  not  even  touching  the  focus- 
ing screw  or  level  tube,  the  instrument  is  quickly  swung  on  to  the 
front  rod  and  the  first  sight  taken  on   the  fore  sight  as  soon  as  the 

*  Professor  J.  B.  Johnson  is  probably  entitled  to  the  credit  of  having  introduced  the 
method  of  reading  with  the  bubble  in  the  center,  as  applied  to  precise  leveling  in  the 
United  States. 
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bul>ble  can  be  centered  by  the  micrometer  screw.  Should  the  lengths 
of  the  shots  be  materially  unequal,  the  front  rod  is  set  correctly  and 
the  sights  are  repeated.  The  level  tube  is  then  removed  and  the  tele- 
scope is  inverted,  carefully  replacing  the  level  tube  in  a  reversed  posi- 
tion. The  second  sight  of  the  fore  sight  is  then  taken  with  the  bubble 
in  the  center;  the  instrument  is  quickly  swung  on  to  the  rear  rod  and 
the  second  sight  of  the  back  sight  is  taken. 

Before  taking  up  the  instrument,  the  recorder  inspects  the  two 
sets  of  readings  to  ascertain  any  i^ossible  inconsistencies,  and,  if  any 
are  discovered,  the  readings  are  repeated;  otherwise,  the  instrument 
is  carried  forward,  and  the  recorder  takes  out  the  mean  readings  and 
thread  distances  while  the  instrument  is  being  reset. 

In  closing  on  a  bench-mark,  the  instrument  is  so  placed,  on  the 
last  pair  of  sights,  as  to  make  the  sum  of  the  thread  distances  of  the 
back  sights  equal  to  the  sum  of  the  thread  distances  of  the  fore  sights 
for  the  entire  sti'etch  between  bench-marks.  The  difference  of  eleva- 
tion and  total  length  of  stretch  is  then  tigui-ed  and  the  stretch  run  in 
the  opposite  direction  diiring  the  same  half  of  the  day.  The  closure 
of  the  loop  thus  run  must  be  less  than  the  specified  limit  given  in  the 
following. 

By  this  method  of  observing,  the  errors  of  pointing  and  of  esti- 
mation are  materially  reduced  and  become  almost  insignificant,  as 
compared  with  those  incident  to  other  methods,  while  the  errors  of  the 
telescope  and  level  tube  are  eliminated,  to  all  intent  and  purpose. 
The  only  correction  to  be  applied  to  the  work  is  for  rod  length  and 
temperature  as  above  described. 

Should  the  sums  of  sights  not  be  entirely  equalized,  then  the 
*' residual  correction"  due  to  collar  inequality,  etc.,  must  be  applied 
for  the  resulting  excess  of  fore  sights.  Further  than  this,  no  correc- 
tions of  any  kind  are  necessary  or  applicable  to  the  field  notes. 

When  a  bench-mark  is  so  jjlaced  that  the  level  rod  cannot  be  held 
directly  on  the  mark  as  on  a  turning  j^oint,  then  a  steel  tape  is  most 
advantageously  used  at  short  range.  Such  a  tape  has  been  described 
in  connection  with  level  rods,  and  the  value  "A"  for  the  rods  used 
must  be  subtracted  from  all  tape  readings  when  the  tai^e  is  stretched 
upward  from  the  mark. 

On  direct  lines,  the  back  sights  are  considered  positive  and  the  fore 
sights  are  negative,  while  on  reverse  lines  these  signs  are  advisedly 
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reversed,  thus  giving  tlie   same  sign  to  tlie   difference   of  elevation 
whether  determined  from  a  direct  or  reverse  line. 

A  line  is  considered  "  direct  "  when  going  from  the  initial  or  start- 
ing jjoint  toward  the  terminal  point.  The  opposite  direction  is  con- 
sidered "reverse." 

6.  System  of  Notes. 

The  method  of  observing  was  treated  somewhat  briefly,  with  the 
expectation  of  illustrating  the  details  of  the  method  here  advocated  by 
a  comi)lete  example  of  notes,  thus  presenting  the  subject  in  a  more 
understandable  manner. 

The  following  books  constitute  the  records  of  a  j^recise  level  party: 
A  notebook  of  bench-mark  descriptions;  as  many  notebooks  as  may  be 
necessary  for  level  notes;  and  a  summary -book  containing  a  compila- 
tion of  final  results  and  computation  of  elevations.  In  addition  to 
these  notes  the  level  line  and  all  fairly  permanent  bench-marks  should 
be  platted  on  some  large-scale  map  of  the  route,  whenever  such  a  map 
is  obtainable. 

The  level  fieldbooks  should  be  about  5  x  7|  ins.,  with  printed  head- 
ings, vertical  column  ruling,  and  horizontal  lines  ruled  -re  in.  apart. 
The  summary-book  should  be  about  9  x  12  ins.,  of  paper  ruled  cross- 
wise with  about  seven  squares  to  the  inch.  The  headings  can  be 
printed,  or  stamped  with  a  large  rubber  stamp,  and  the  columns  ruled 
by  hand. 

Each  fieldbook  should  contain  on  the  front  page  a  brief  statement 
of  programme  of  observing,  definitions  of  instnament  positions,  names 
of  observer  and  recorder,  instrument  and  rods  used,  units  of  measure 
adopted,  etc.  The  notes  should  then  follow  in  chronological  order  in 
strict  accordance  with  the  system  adopted.  The  last  double  page  of 
each  book  shoiild  contain  a  summary  of  results  with  page  index  of 
work  recorded  in  such  book. 

The  summary-book  should  contain  a  similar  introduction,  with 
defijiitions  of  terms  used  therein,  authority  and  elevation  of  starting 
bench-mark  and  a  brief  history  of  the  work. 

It  is  scarcely  necessary  to  give  an  examjjle  of  bench-mark  descrip- 
tions, though  it  must  be  emphasized  that  too  much  attention  cannot 
be  given  to  the  accui-ate  and  complete  descriiDtion  of  every  perma- 
nent bench,  as  appears  from  the  pm-pose  for  which  such  a  descrip- 
tion   should   serve.    A    very    good    test    of    the    adequacy    of    such 
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ilescriptious  is  for  the  observer  to  place  tlie  T)encli  and  draft  the 
tirst  doscriptiou.  The  recorder  shoiihl  then  tind  the  bench  with  the 
aid  of  this  description,  and,  if  the  latter  is  found  deficient,  it  must  be 
iuijjroved. 

A  comijlete  example  of  a  field  level-book  is  given  in  the  following, 
and  ajjplies  to  Bufi"and  Berger  Level,  No.  2768  (see  Plate  I). 

Designation  of  Instrument  Positions. 

"1.  The  telescope  points  direct  when  its  eye  end  is  over  the  microm- 
eter bearing  of  the  wye-cradle.  This  jjosition  is  always  maintained 
when  leveling. 

"  2.  The  telescope  is  normal  when  the  focusing  screw  at  the  eye  end 
is  on  the  upper  right-hand  side  as  seen  from  the  position  of  the 
observer. 

"3.  The  level  tube  is  in  its  direct  position  when  the  end  marked 
'  chamber '  is  at  the  eye  end  of  the  telescope. 

Programme  of  Readings. 

"1.  For  each  position  of  the  telescope,  the  three  threads  are  read 
consecutively  from  the  upper  thread  down,  and  the  readings  are 
recorded  in  this  order  as  1,  2  and  3,  whether  the  telescope  is  normal  or 
inverted. 

"2,  Each  shot  is  the  mean  of  six  thread  readings  taken  for  the  two 
following  positions  of  telescope  and  level  tube:  1.  Telescope  normal, 
level  direct ;  2.  Telescope  inverted  and  level  reversed.  Thus  each  shot 
or  pair  of  sights  eliminates  errors  in  the  adjustment  of  the  cross- 
threads  and  the  level  tube. 

' '  3.  The  thread  distance  corresponding  to  the  mean  value  of  the  two 
instrument  jiointings,  or  sights,  is  obtained  by  subtracting  the  mean 
for  thread  1  from  the  mean  for  thread  3. 

"4.  Thread  distance,  in  decimeters,  is  converted  into  true  distance, 
in  metei's,  by  the  formula 

L=-kI+2a{c+f), 
in  which  I  ^  2^/'  i  =  total  thread  distance,  in  decimeters,  for  any 
stretch  of  n  instrument  settings.     The  stadia  constant,  A-,  is  20  for 
thread  ratio  1:200.     The  telescope  constant  c  -\-  f  =  Q.Q  m. 

"  5.  All  rod  readings  are  read  and  recorded  in  decimeters. 

"  6.  No  bubl)le  readings  are  recorded,  because  the  bubble  is  always 
in  the  center  when  rod  readings  are  taken.  However,  Avhen  the 
bubble  is  read  for  experimental  purposes,  the  readings  termed  'eye 
end '  (E)  are  taken  for  the  eye  end  of  the  telescojje  whether  the  level 
tube  is  direct  or  reversed.  For  regular  level  work,  the  length  of  the 
bubble  is  maintained  at  40  divisions  =  8  cm. 

"7.  The  allowable  limit  of  error  for  the  closure  of  each  stretch  is 
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2  VZ,  in  millimeters,  in  which  L  is  the  length  of  the  stretch,  in 
kilometers. 

"8.  Buff  and  Berger  Precise  Level,  No.  2768,  and  Lake  Survey 
rods  1  and  5  were  used.  For  summary  of  results  see  p.  —  of  this 
book. 

"D.  M.,  Observer:  M.  B.,  Recorder;  A.  E.  and  A.  H.,  Rodmen." 


Instrument  Constants. 

The  instrument  constants  were  determined  whenever  the  instru- 
ment underwent  any  changes  or  alterations,  and  at  the  beginning  and 
end  of  each  field  season.  The  values  used  in  this  book  are  given  in 
Table  No.  11. 

TABLE  No.  11. 


Designation  of  constants. 


Values. 


Magnif  j^ing  power  of  telescope,  in  diameters 

Focal  length  of  objective,  in  millimeters 

Diameter  of  objective,  in  millimeters 

Ratio  of  telemeter  threads 

Curvature  of  level  tube,  in  seconds  per  2-mm.  divisions 

Residual  error,  in  millimeters  per  meter  excess  of  F.  S.  for  -j-  difference  of  ele- 
vation   

Weight  of  LEistrument,  in  kilogrammes 

Weight  of  tripod,  in  kilogrammes 

Smallest  graduation  on  rods,  in  millimeters 

A  of  rods  1  and  5,  in  decimeters 


50 
402 

38 
1:200 
3.33 

+  0.0630 
5.3 
7.6 
10 
0.486 


Level  Notes. 

Tables  Nos.  12  and  13  are  the  complete  field  notes  of  a  stretch  of 
levels,  direct  (D)  and  reverse  [R).  During  the  j^i'ogress  of  the  work 
the  recorder  carries  (in  lead  pencil)  a  continuous  summation  of  thread 
distances,  to  prevent  any  excessive  inequality  in  sums  of  sights  (say 
larger  than  2  m.).  On  the  last  setting  the  instrument  is  so  placed  that 
the  final  sums  should  balance.  Only  the  final  sums  are  retained  in 
the  notes,  the  others  are  again  erased  when  the  notebooks  are 
checked,  which  is  done  each  night  by  the  rodmen.  All  notes,  as  given 
in  the  sample,  except  final  sums,  are  recorded  in  ink,  thus  preventing 
any  erasures  or  obliterations. 

An  example  of  a  river  crossing  (Tables  Nos.  14  and  15)  is  inserted 
to  indicate  the  special  features  of  such  a  problem,  which  often 
presents  itself  and  which  frequently  involves  numerous  diflSculties. 
The  notes  also  show  in  a  remarkably  striking  manner  the  correctness 
of  the  new  theory  of  collar  inequality  develojjed  herein. 
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When  a  river  crossing  necessitates  a  very  long  sight,  it  is  not  ad- 
visable to  introduce  two  such  sights  for  the  purpose  of  equalizing  back 
and  lore  sights,  even  though  the  ground  would  permit  of  so  doing. 
The  corresponding  long  sight  over  the  ground  would  in  all  probability 
be  subject  to  different  refractive  influences  from  those  existing  over 
the  water  surface.  Hence,  the  difference  in  elevation  is  determined 
between  two  temporary  bench-marks,  A  and  B,  on  the  respective 
banks  of  the  river,  in  such  a  manner  as  to  eliminate  all  errors  of 
inclination  in  the  line  of  sight.  This  is  done  as  follows  (see  also 
Fig.  16): 

Drive  stakes  C  and  I)  so  that  A  D  =  B  C  and  A  C  =  B  B.  This 
is  not  quite  true  in  the  example,  but  is  near  enough  for  the  purpose. 
The  direction  of  the  line  is  from  A  toward  B,  and  the  distances  are  in 
meters. 

Set  up  the  instrument  over  C  and  read  back  sight  on  A  and  fore 
sight  on  B,  reading  as  many  pairs  of  sights  as  conditions  may  require. 
Then  shift  the  instrument  to  B  and  repeat  the  readings  on  A  and  B. 
The  mean  difference  of  elevation  from  the  two  instrument  settings 
eliminates  all  errors  when  AD  =  B  C  and  A  C  =  B  B.  Otherwise,  a 
slight  correction  is  applied  for  the  resiilting  mean  excess  of  foresight. 
The  same  work  with  sights  in  oijposite  directions  will  constitute  the 
reverse  line. 

In  the  example  cited,  the  residual  correction  for  the  instrument 
was  +  0.0635  mm.  per  meter  excess  of  fore  sights,  and,  applying  this 
to  the  several  single  lines,  gives  the  differences  of  elevation  from  A  to 
B  shown  in  Table  No.  16. 

The  correction  for  collar  inequality,  found  by  the  commonly 
adopted  method  of  level  tube  and  telescope  reversals,  was  +  0.0235 
or  a  little  over  one-third  of  the  actual  existing  error,  which  is  properly 
accounted  for  by  the  residual  correction  above  applied.  This  also 
shows  a  very  close  agreement  of  the  iowr  values  found,  which  is  due 
to  careful  work  and  good  weather  conditions.  "Wide  river  crossings 
should  never  be  made  except  diiring  cloudy  weather  or  at  sunrise  and 
sunset. 
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{Left-lian  d  par/e. )  TABLE  No  12.  —Example 

Direct  Line  T.  B.  M.  128- 


JuLT  5th,  1899. 


Back  Sights. 


Point. 

Rod 

No. 

Thread  readings. 

Mean. 

Thread 
distance. 

Temp. 

1 

3 

3 

T  B  M  128 

1 
5 
1 
5 
1 
5 
1 
5 

dcm. 
24.174 
24.176 
24.175 

20.336 
20.336 
20.336 

14.606 
14.602 
14.604 

17.648 

dcm. 
26.006 
26.008 
26.007 

22.050 
22.052 
22.051 

16.290 
16.284 
10.287 

19.244 

dcm. 

27.838 
27.840 
27.839 

23.764 
23.766 
23.765 

17.970 
17.964 
17.967 

20.842 
20.844 
20.843 

11.C88 
11.678 
11.683 

24.270 
24.268 
24.269 

22.580 
22.576 
22.578 

20.690 
20.684 
20.687 

dcm. 

dcm. 

deg.  C. 

3  p.  M. 



Cloudy,  fresh 

T   P  1 

36.007 

3.664 

wind,  "reading 

good. 

Pufify,  cool  wind. 

2 

22.051 

3.429 

Cloudy. 

3 

16.286 

3.363 

Sun    shining; 
brisk  pufify  , 
wind. 

Cloudy. 

17  652 

19  248 

4 

17.650 

8.524 
8.512 
8.518 

21.024 
21.024 
21.024 

19.260 
19.258 
19.259 

17.520 
17.516 
17.518 

19  246 

10.104 
10.096 
10.100 

22.646 
22.646 
32.646 

20.922 
20.916 
20.919 

19.104 
19.098 
19.101 

19.246 

3.193 

5 

10.100 

3.165 

abating. 

B.  S.  +  156.a57 
F   S        112  384 

6 

22.646 

3.245 

D  =  -1-   43.973 
Res.  Cor.  0.000 

Light  wind. 

r. 

20.919 

3.319 

19.102 

3.169 

156.357 

26.547 

*  Taken  from  precise  level  line  along 
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OP  Precise  Level  Notes.*  {Right-hand parje.) 

T.  B.  M.  129. 


Fore  Sights. 


Point. 

Rod 

No. 

Tbread  readings. 

Mean. 

Thread 
distance. 

Temp. 

Remarks. 

1 

3 

3 

T  P  1 

5 
1 
5 

1 
5 

1 
5 

1 

dcm. 
14.262 
14.264 
14.263 

8.924 
8.9&4 
8.924 

16.398 
16.390 
16.394 

13.9.34 
13.938 
13.936 

7.374 
7.364 
7.369 

3.716 
3.716 
3.716 

10.962 
10.960 
10.961 

23.548 
23.542 
23.545 

dera. 
16.094 
16.096 
16.095 

10.684 
10.t)86 
10.085 

18.002 
17.994 
17.998 

15.558 
15.562 
15.560 

8.990 
8.974 
8.982 

5.298 
5.296 
5.297 

12.634 
12.0-30 
12.632 

25.140 
25.134 
25.137 

dcm. 

17.922 
17.924 
17.923 

12.450 
12.450 
12.450 

19.600 
19.598 
19.599 

17.186 
17.190 
17.138 

10.600 
10.586 
10.593 

6.8.S0 
6.880 
6.880 

14.300 
14.298 
14.299 

26.730 
26.722 
26.726 

dcm. 

dcm. 

deg.  C. 

2 

16.094 

3.660 

3 

10.686 

3.526 

Sun   out  on  first 

reading  of  F.  S. 

4 

17.997 

3.205 

...:..;; 

5 

15.561 

3.252 

Thread  dist. 
F.  S.  -  26.550 

B.  S.  -  26.547 

6 

8.981 

3.324 

I  =  53.097 
Ex.F.S.  =+0.06m. 

7 

5.298 

3.164 

T  B   M   129 

12.631 

3.338 

22.8 

4.30  p.  M. 

Delayed   60  min. 

25.136 

3.181 

by  rain. 

112.384 

26.550 

Lake  St.  Clair,  Mich.,  by  D.  Molitor,  1899. 
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{Left-hand page.)  TABLE  No.   13. — Keverse  Line 


July  5th,  1899. 


Back  Sights 


Point. 

Rod 

No. 

Thread  readings. 

Mean. 

Thread 

Temp. 

Remarks. 

1 

3 

3 

distance. 

T.  B.  M.  129. 

1 
5 
1 
5 
1 
5 
1 
5 

dcm. 
23.514 
23.. 522 
23.518 

10.864 
10.864 
10.864 

3.754 
3.756 
3.755 

7.214 
7.220 
7.217 

14.218 
14.216 
14.217 

16.596 
16.590 
16.593 

8.988 
8.982 
8.985 

15.878 
15.876 
15.877 

dcm. 

25.108 
25.112 
25.110 

12.536 
12.536 
12.536 

5.338 
5.336 
5.337 

8.828 
8.a34 
8.831 

15.846 
15.844 
15.845 

18.194 
18.192 
18.193 

10.746 
10.738 
10.742 

17.706 
17.702 
17.704 

dcm. 

26.694 
26.704 
26.699 

14.204 
14.202 
14.203 

6.916 
6.918 
6.917 

10.442 
10.450 
10.446 

17.470 
17.472 
17.471 

19.794 
19.790 
19.792 

12.504 
13.500 
13.502 

19.540 
19.534 
19.537 

dcm. 

dcm. 

deg.  C. 

5.30  p.  M. 
Cloudy,  calm. 
Light  rain. 

25.109 

3.181 

Reading  good. 

T.  P.  1 

1-2.534 

3.339 

2 



5.336 

3.162 

3 

4 

8.831 

3.229 

F.  S.  =  +  158.269 

B.  S.  =  —  114.296 

+  43.973 

Res.Cor.-i-  0.0002 

15.844 

3.254 

5 

R  =  -\-  43.9732 

Closing  error 
—  0.02  mm. 

18.193 

3.199 

6 

10.743 

3.517 

7 

1             

17.706 

3.660 

114.296 

26.541 

*  Taken  from  precise  level  line  along' 
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T.  B.  M.   1-28-T.  13.  M.   129.*  {Rir/ht-hand page.) 


Fore  Sights. 


Point. 

Rod 
No. 

Thread  readings. 

Mean. 

Thread 
distance. 

Temp. 

Remarks. 

1 

2 

3 

T.  P.  1 

5 
1 
5 

1 
5 
1 
5 

1 

dcm. 

17.488 
17.496 
17.492 

19.164 
19.164 
19.164 

21.064 
21.0ft4 
Sl.Ofrl 

8.364 
8.370 
8.367 

17.938 
17.940 
17.939 

14.804 
14.800 
14.802 

30.388 
30.380 
20.384 

25.796 
25.790 
25.793 

dcm. 
19.072 
19.080 
19.076 

30.836 
30.838 
20.828 

22.688 
22.690 
22.689 

9.950 
9.954 
9.952 

19.522 
19.522 
19.528 

16.486 
16.480 
16.483 

22.100 
22.094 
22.097 

27.626 
27.623 
27.624 

dcm. 
20.654 
20.662 
20.658 

33.486 
22.486 
22.486 

24.304 
24.310 
24.307 

11.534 
11.536 
11.535 

21.106 
21.110 
21.108 

18.170 
18.164 
18.167 

23.814 
23.808 
23.811 

29.462 
29.460 
29.461 

dcm. 

dcm. 

deg.  C. 

19.075 

3.166 

2 

20.836 

3.322 

3 

33.687 

3.243 

4 

Thread  dist. 

5 

9.951 

3.168 

F.  S.  =  26.528 
B.  S.  =  26.541 
I          =  53.069 

Ex.F.S.  =  0.26  m. 

19.533 

3.169 

6 

16.484 

3.365 

7  . 

33.097 

3.427 

T.  B.  M.  128. 

21.1 

37.626 

3.668 

6.30  p.  M. 



Cloudy,  calm. 

158.269 

26.528 

Lake  St.  Clair,  Mich.,  by  D.  Molitor,  1899. 
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{Left-hand  page.)  TABLE  No.  14. — Example  of  Precise 

Grass  River  Crossing. 


Aug.  22d,  1898. 


Back  Sights. 


Point. 

Rod 
No. 

Thread  read 

1       i       a 

ings. 
3 

Mean. 

! 

'  Thread 
distance. 

Temp. 

Remarks. 

T.  B.  M.  A. 

5 

Means. 
5 

Means. 

5 

Means. 
5 

Means. 

dcm. 

11.41 
11.42 
11.42 
11.42 

11.418 

11.415 

11.42 

11.43 

11.415 

11.420 

1 

1   dcm. 

Instru 

12.52 

12.53 

12.53 

12.53 

12.528 

Instru 

12.535 

12.535 

12.54 

12.53 

12.535 

dcm. 
ment  at 
13.64 
13.65 
13.65 
13.64 
13.645 

ment  at 
13.64 

dcm. 
C,  1st  se 

dcm. 

t. 

deg.  C. 
23.9 

Tel.  N.,  Bub.  D. 



"    I.,       "      D. 

"    I.,      "      R. 

"    N.,    ''      R. 

T.  B.  M.  A. 

12.536 
C,  2d  set 

2.227 

Same  positions  of 
Instr.    used    on 

13.65 
13.65 
13.645 
13.616 

Means.. 

■■":::::: 

all  sets. 

12.534 

2.226 

12.532 

2.226 

B.S.  =  +12.532 

TnctrniTnont  at 

D,  1st  set. 

F.  S.  =  —  11.294 

T.  B.  M.A. 

8.57 

19.11       29.68 

Di      =  +    1.238 

8.63 
8.62 
8.56 
8.595 

8.57 
8.61 
8.62 
8.58 
8.595 

19.18 
19.19 
19.13 
19.152 

Inst  nil 

19.14 

19.15 

19.17 

19.14 

19.150 

29.75 
29.75 
29.69 
29.718 

nent  at  j 
29.69 
29.72 
29.73 
29.69 
29.708 

Means.. 
Total . . 

T.  B.  M.A. 

19.155 
D,  3d  set 

2i.i23 

19.151 

21.113 





jD,  and 
ex.  r. 

19.153 

21.118 
23.344 

Mean  of 

+  2.08  m. 

B.S.  =  +  19.153 
F.S.  -  —17.672 

Res.  C 

1 

or.  for 

Z)2     =  +    1.481 

Z)„  =  +  1.3595 
S.    =  +  0.0013 

1 

T>    =  -1-1.3608 

St. La  irrence 


*  Taken  from  precise  level  line  along  St. 
River 


Fig.  16. 


I 
I 
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{Rif/ht-hand  page, ) 


LE^-EL  Notes  foe  a  liivEK  Crossing.* 

Direct  Line 


Fore  Sights. 


Point. 

Rod 

No. 

Thr 

1 

jad  read 

ings. 
3 

1 
Mean. 

Thread 
distance. 

Temp. 

Remarks. 

T.  B.  M.  B. 

1 

Means. 

1 

Means. 

1 

Means. 

1 

Means. 

dcm. 

0.51 
0.58 
0.58 
0.49 
0.540 

0.51 
0.r,8 
0.58 
0.50 
0.542 

16.54 

16.545 

16.545 

16.54 

16.542 

16.54 

16.555 

16.55 

16.54 

16.546 

dcm. 

11.27 
11.33 
11.34 
11.28 
11.305 

11.28 
11.31 
11.30 
11.26 
11.288 

17.67 

17.675 

17.675 

17.67 

17.672 

17.67 

17.G75 

17.68 

17.67 

17.674 

dcm. 

22.01 
22.09 
22.10 
22.00 
22.050 

22.00 
22.09 
22.08 
22.00 
22.042 

Means.. 

18.80 

18.803 

18.802 

18.80 

18.801 

18.80 

18.80 

18.802 

18.80 

18.800 

Means.. 
Total . . 

dcm. 

dcm. 

deg.  C. 

Weather      condi- 
tions   very    fa- 
vorable; cloudy, 

4  00  p  M. 

T.  B.  M.  B. 

11.298 

21.510 

Ratio      of      tele- 

11.291 

21.500 

1:100.     Value   of 
level  tube  5"  per 
2  mm.      Instru- 
ment   otherwise 
as     above      de- 
scribed. 

T.  B.  M.  B. 

11.294 

21.505 

..     . 



T.  B.  M.  B. 

17.672 

2.259 

23.5 

5  p.  M. 

17.673 

2.254 

Mean... 
Mean.. . 

Thread  Dist. 

17.672 

2.256 
23.761 

F.  S.  =  23.761 
B.  S.  =  23.344 

T.  D.  =  23.552 

ex.  F.S.  = +0.208 

=  4-  2.08  m. 

Lawrence  River,  by  David  MoUtor,  in  : 
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{Le/t-Jiand  page. ) 

Grass  River  Crossing.* 


TABLE 


Aug.  22d,  1898. 


Back  Sights. 


Point. 

Rod 
No. 

Thr 
1 

;ad  read 

3 

ings. 
3 

Mean. 

Thread 
distance. 

Temp. 

Remarks. 

T.  B.  M.  B. 

1 

Means. 
1 

Means. 

1 

Means. 
1 

Means. 

dcm. 

16.34 

16.345 

16.345 

16.335 

16.341 

16.a35 

16.34 

16.345 

16.34 

16.340 

0.75 
0.81 
0.81 
0.71 
0.770 

0.75 
0.82 
0.81 
0.73 
0.778 

dcm. 
Instrui 
17.47 
17.475 
17.475 
17.47 
17.472 

Instrui 

17.465 
17.475 
17.475 
17.465 

17.470 

Instru  r 

11.50 

11.54 

11.55 

11.49 

11.520 

Instrui 

11.51 

11.56 

11.55 

11.49 

11.528 

dcm. 

nent  at  j 

18.598 

18.60 

18.60 

18.598 

18.599 

nent  at 
18.598 
18.60 
18.60 
18.. 598 
18.599 

Means.. 

nent  at  ( 
22.23 
22.30 
22.31 
22.19 
22.258 

nent  at 
22.25 
22.31 
22.30 
22.21 
22.208 

Means.. 
Total... 

dcm. 
D,  1st  se 

dcm. 
t. 

deg.  C. 
33.5 

Tel.  N.,  Bub.  D. 
"    I.,      "      D 

"    I.,      "      R. 

"    N.,     "      R 

T.  B.  M.  B. 

i7.47i 
D,  2d  set 

2.258 

Same  positions  of 
instr.    used   on 

all  sets. 

17.470 

2.259 

17.470 

2.258 

F.  S.  =  +  18.933 

:\  1st  set 

B.  S.  =  —  17.470 

T.  B.  M.  B. 

i?i  =  +    1.463 



T.  B.  M.  B. 

ii.sie 

C,  2d  set 


21.488 

11.524 

31.490 

Ri  and 
m.    ex. 

11.520 

21.489 
23.747 

Mean  of 
for— 2.01 

F.  S.  =  +  12.766 
B.  S.  -  —  11.520 

Re 

s.    Cor. 

R.  =  +    1.246 

Ro  =  +    1.3545 
F.  ^  =  +    0.0013 

i?  =  +    1.3558 

*  Taken  from  precise  level  line  along 


MOLITOR    OX    PRECISE   SPIRIT   LEVELING.  93 

No.   15.  (Right-hand  page.) 

Eeverse  Line. 


Fore  Sights. 


Point 

Rod 
No. 

Thread  readings. 

Mean. 

Thread 
distance. 

Temp. 

Remarks. 

1 

a 

3 

T.  B.  M.  A. 

5 

Means. 
5 

Means. 

5 

Means. 
5 

Means. 

dcm. 

8.31 
8.41 
8.40 
8.35 
8.368 

8.33 
8.42 
8.40 
8.32 
8.368 

11.655 

11.66 

11.67 

11.655 

11.660 

11.66 

11.655 

11.655 

11.655 

11.656 

dcm. 

18.91 
18.95 
18.95 
18.91 
18.930 

18.92 
18.97 
18.95 
18.90 
18.935 

12.77 

12.77 

12.775 

12.77 

12.771 

12.77 

12.77 

12.77 

12.765 

12.769 

dcm. 

29.47 
29.52 
29.53 
29.47 
29.498 

29.48 
29.55 
29.52 
29.45 
29.500 

Means.. 

13.87 

13.875 

13.88 

13.87 

13.874 

13.87 

13.875 

13.875 

13.865 

13.871 

Means.. 
Total... 

dcm. 

dcm. 

deg.  C. 

able;        cloudy, 
calm. 

T.  B.  M.  A. 

18.932 

21.130 

5  p.  M. 

Ratio     of      tele- 

18.934 

21.132 

23.0 

meter      threads 
1:100.    Value   of 
level  tube  5"  per 

18.933 

21.131 

T.  B.  M.  A. 

2   mm.     Instru- 
ment   otherwise 
as      above     de- 
scribed. 

6  p.  M. 

1 

1 

T.  B.  M.  A. 

12.768 

2.214 

12.765 

2.215 

Mean... 
Mean... 

Thread  Dist. 
F.  S.  =  23.345 
B.  S.  -  23.747 

^ 

12.766 

2.214 
23.345 

T.  D.  =  23.546 

ex.  F.  S.  =  -  0.201 

=  —2.01  m. 

St.  Lawrence  River,  by  David  Molitor,  in  1898. 
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TABLE  No.  16. 


Line. 

Excess  of  F.  S. 

Residual  correction. 

Difference  of  Elevation. 

Observed. 

Corrected. 

1st  direct  Z), 

2d  direct  X>2 

1st  reverse  jRj... 
2d  reverse  ifa.... 

i  -L  215.0  —  22.3  = 
'(        -f-  192.7  m. 
1  —  211.2-4-22.6  = 
1        —  188.6  m. 
j-f  211.2  — 22.6  = 
\        -1- 188.6  m. 
J  —  215.0  -1-  22.3  = 
(        —  192.7  m. 

192.7  X  0.0635  =     ( 

-1-  12.24  mm.      \ 

—188.6  X  0.0635  =     ) 

—  11.88  mm.         ( 

188.6  (—  0.0635)  =  / 

—  11.88  mm.       \ 

—192.7  ( -  0.0635)  =  / 

-f- 12.24  mm.        )" 

-1-  123.8  mm. 
+ 148.1  mm. 
-1-  146.3  mm. 
-1-  124.6  mm. 

-t-  136.04  mm. 
-f  136.22  mm. 
-t-  134.42  mm. 
-f  136.84  mm. 

Means 

-t- 135.70  mm. 

-1-  135.88  mm. 

Summary  of  Results  and  Index. 

Table  No.  17  gives  an  example  of  a  summary  of  results  intended  to 
occupy  the  last  double  page  of  each  notebook.  This  tabulation  gives 
a  very  comprehensive  statement  of  the  ■work  contained  in  the  book, 
and  furnishes  dii'ectly  the  data  required  in  the  comjiilation  of  the  final 
results  and  computation  of  elevations. 

Results  and  Elevations. 

Table  No.  18  serves  to  illustrate  the  system  adopted  for  the  com- 
pilation of  results  and  computation  of  elevations  in  the  large  summary 
notebook  (7x9  ins.). 

Column  1  gives  the  number  or  name  of  the  bench-mark,  the  eleva- 
tion of  which  is  found.  P.  B.  M.  designates  a  permanent  bench  and 
T.  B.  M.  a  temporary  bench. 

Column  2  gives  the  bench-mark  from  which  the  bench-mark  in 
Column  1  was  detei'inined. 

Column  3  gives  the  length  of  each  stretch  or  distance,  in  meters, 
between  consecutive  bench-marks  given  in  Columns  1  and  2. 

Column  4  gives  the  total  length  of  level  line,  in  kilometers,  from 
the  initial  point  to  the  bench-mark  in  Column  1. 

Column  5  gives  the  direction  in  which  the  stretch  was  run.  D 
designates  direct  line  or  leveled  in  a  direction  away  from  the  initial  or 
known  point,  and  R  designates  reverse  line,  or  leveled  toward  the 
initial  point.  M  represents  the  arithmetical  mean  of  the  accejDted 
results. 
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Cohirnn  6  gives  thediffereuces  of  elovatiou,  in  millimeters,  between 
two  successive  boucli-marks,  as  found  by  the  direct  and  reverse  lines, 
also  the  arithmetical  mean  of  the  two  values.  The  -|-  sign  indicates 
that  the  bench  found  is  above  the  bench  from  which  it  was  deter- 
mined on  the  direct  line,  calling  back  sights  positive  and  fore  sights 
negative.  These  signs  are  reversed  on  reverse  lines,  thus  giving  the 
same  sign  to  the  diflerence  of  elevation  as  found  on  the  direct  line.  The 
mean  of  accepted  values  is  used  in  computing  elevations  above  datum. 

Column  7  gives  the  residual  error  from  the  mean  diflference  of 
elevation  for  each  stretch. 

Columns  8  and  9  give  the  algebraic  summations  of  these  residuals, 
and  show  the  total  discrepancy  of  each  line  from  the  mean,  for  the 
entire  line  from  the  initial  point. 

Column  10  gives  the  probable  error  in  the  mean  difference  of  eleva- 


2  V^ 
tion  for  each  stretch  as  found  from  the  formula  ±  r  =  0.674 


in  [ni  —  1) 

where  F=  the  residual  from  the  mean  for  each  observation,  and  in  = 
the  number  of  observations.  For  a  single  pair  of  observations  this 
formula  reduces  to  ±  r  =  0.674  V  (see  Table  No.  25  in  the  Appendix). 

Column  11  gives  the  probable  error  r,j  in  the  elevation  of  the  point, 
as  found  from  the  initial  point,  and  is  rt  r,^  =  1/  2  r'^.  This  formula 
is  applicable  only  Avhen  all  stretches  are  of  equal  length,  though  it  is 
generally  used  withoiit  regard  to  the  actual  weights  resulting  from 
unequal  lengths. 

Column  12  gives  the  mean  atmospheric  temperature  while  leveling 
each  stretch. 

Column  13  should  give  the  correction  to  rod  length  to  reduce  the 
latter  to  standard  length  and  temperature.  The  law  was  not  yet 
determined  for  the  rods  used. 

Columns  14  and  15  give  the  elevations  in  meters  and  feet,  respect- 
ively, above  mean  sea  level.  The  history  and  authority  for  the 
determination  of  the  initial  bench- mark  shoiild  follow  here. 

7.  Kules  to  be  Observed  on  Precise  Level  Work. 

The  following  axiomatic  principles  are  the  result  of  careful  study 
and  observation,  and  may  serve  as  a  guide  in  answering  many  of  the 
questions  confronting  the  beginner: 

1.   Little  or  no  reliance  should  be  placed  on  an  instrument,  thougk 
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TABLE  Xo.  17.— Example  of 
Summary 


B. 

31. 

No.  OF 
Settings. 

To 

From 

D. 

R. 

T.  126 

T.  125 

8 

9 

136 

123 



8 

127 

126 

9 

9 

12S 

127 

6 

7 

129 

12& 

8 

8 

130 

129 

11 

11 

P.    34 

130 

7 

7 

Mean  thread  Mean  lengrth 
distance.        of  stretch, 
dcm.  m. 


43.926 
43.898 
52.784 
37.346 
53  083 
70.256 
32.356 


888.7 

887.6 
1066.5 

754.7 
1071.3 
1418.3 

655.5 


Excess  F.  S. 


+0.18 
+0.02 
+0.06 
+0.02 
+0.24 


Observed  Difp.  of 
Elev. 


D. 
mm. 


+0.32  +0.44 
+0.14 
+0.46 
+0.30 
—0.26 
+1.90 
—0.02 


—1190.3 


—2547.2 
—  548.3 
+4397.3 
—2258.7 
+1661.8 


R. 

mm. 


— 1187.4t 
—1188.8 
—2547.1 
—  547.3 
+4397.3 
—2358.9 
+1663.8 
t  rejected. 


*  Note.— The  final  c-orrection  applied  to  all  differences  of  elevation  is  +  0.063  mm. 
excess  of  F.  S.  on  reverse  line?;,  taking  account  of  the  sign  of  thediffer- 

The  temperature  is  recorded  in  degrees  Centigrade.  

Theallowatale  error  of  closure  for  each  stretch  is  e  =  3  \/  i,  where  L  is  the 
T  =  temporarj'  bench-mark  :  P  =  permanent  bench-mark;  p.  =  afternoon  ; 
The  above  example  is  taken  from  the  notes  of  the  precise  level  line  along 

it  be  of  the  most  superior  quality.  If  good  results  are  sought  they 
may  be  achieved  only  by  constant  vigilance  and  alertness,  combined 
with  most  painstaking  exertions  on  the  part  of  the  observer,  as  well  as 
of  every  member  of  the  party. 

2.  A  line  of  levels  is  no  better  than  the  poorest  portion  thereof. 
Hence  the  importance  of  maintaining  the  same  high  standards  of  accu- 
racy on  every  single  rod  reading.  A  slip  in  one  place  can  never  be 
made  good  even  by  the  most  careful  work  done  thereafter. 

3.  The  shortest  line  between  two  terminals  is  always  the  best  line, 
jirovided  no  unnecessary  climbs  are  encountered  thereby.  However, 
it  is  not  advisable  to  pursue  a  roundabout  route  merely  to  avoid  a 
slight  rise  or  depression.  In  making  a  steep  descent  or  ascent  it  is 
most  advisable  to  adoj^t  the  shortest  route  jjerpendicular  to  the 
contours,  utilizing  full  rod  lengths  with  minimum  lengths  of  shots. 
An  extra  setting  costs  less  delay  than  to  attempt  to  place  rods  for 
proper  height. 

4.  Fore  and  back  sights  should  always  be  equal,  independent  of  the 
nature  of  the  ground  leveled  over.  That  is,  they  should  be  made  so 
nearly  equal  as  not  to  require  refocusing  between  reading  fore  and 
back   sights.     Any   disturbance   of    the    focusing   mechanism   would 


.MOLITOR    OH    PRECISE   SFIUIT    LEVELING.  97 
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of  Besults. 


Corrected  Difp. 

OF   EtEV. 

Closing 
Error. 

Direction 
of  line. 

3 

d 

Time  ok  Day. 

M. 
Temp. 

Page. 

D. 

R. 

mm. 

la 

1^ 

2.85 
1.47 
0.06 
0.99 
0.02 
0.32 
1.98 

Is 

2.83 
2.83 
3.08 
2.59 
3.08 
3.56 
2.42 

E 

!           R. 

D. 

30. 0 

2i!i 
21.1 
23.3 
20.0 
23.3 

R. 

32.8 
21.1 

17.8 
18.9 
21.7 
20.0 
21.1 

D. 
32 

'so' 

33 
36 
38 
42 

From 

To 

From 

To 

—1190.88 

-1187. 43t 
-1188.81 
—2547.13 
—  547.31 
+4397.32 
—2259.02 
+  1663.80 
trejected 

N. 75°  E. 
N. 75°  E. 
N.  80°  E. 
N.  70°  E. 
N.  45°  E. 

E. 

E. 

1 
2 

5.15  p. 

6.30  p. 

4.00  p. 
6.00  a. 

5.15P. 
7.15  a. 

31 
35 

—2547.19 
—  548.30 
+4397.80 
—2258.70 
+1661.82 

6.15  A.l  7.45  a. 
7.00  p.  7.45  p. 
3.00  p.' 5.00  p. 
7.00  p.  7.15  a. 
5.00  P.  6.15  P. 

4.45  a. 
4.30  P. 
5.30  P. 
5.00  a. 
6.15  P. 

6.15  a. 
5.30  p. 
6.30  P. 
8.00  a. 
7.15  P. 

29 
34 
37 
40 
43 

per  mPter  excess  of  F.  S.  for  a  positive  difference  of  elevation,  or  —  0.063  mm.  per  meter 
ence  of  elevation  as  given  for  the  direct  line. 

length  of  the  single  stretch  in  kilometers  and  e  is  in  millimeters. 
a  =  forenoon;  D  =  direct  line;  and  R  =  reverse  line. 
Lalje  St.  Clair,  Mich.,  by  David  Molitor,  1899. 

destroy  the  relative  accuracy  of  readings  taken  before  and  after  such 
disturbance.  On  short  sights,  the  permissible  inequality  is  very 
small  and  may  frequently  require  resetting  the  forward  rod.  On  sights 
of  50  to  100  m.  such  inequality  may  range  from  2  to  3  m.,  but  this 
should  not  be  allowed  to  accumulate.  The  sums  of  sights  for  an 
entire  stretch  should  be  made  exactly  equal  by  properly  setting  the 
instrument  on  the  last  station. 

5.  The  limiting  length  of  sight  for  any  given  instrument  and  any 
atmospheric  conditions  is  one  for  which  repeated  back  and  fore  sight 
readings,  taken  ou  two  fixed  points  equidistant  from  the  instrument, 
shall  give  equal  values  for  the  difference  of  elevation  between  these 
points  Avithin  the  attainable  limits  of  accuracy  of  rod  estimations. 
Ordinarily,  good  conditions  will  permit  of  taking  sights  of  50  to 
70  m.,  using  a  1  to  3-second  (per  2-mm.  division)  level.  Very  good 
conditions  will  permit  of  reading  at  90  m.  and  exceptionally  at  100  m. 
Fair  progress  can  be  made  when  only  30-m.  sights  are  possible,  pro- 
vided the  Aveather  is  not  too  w^arm,  and  this  limit  is  solely  the  result  of 
atmospheric  vibrations.  Sights  exceeding  100  m.  should  not  be  taken 
unless  extraordinary  precautions  are  used,  such  as  indicated  for  a  river 
crossing. 
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6.  The  length  of  the  bubl)le  should  be  retained  practically  constant 
and  should  be  a  little  over  half  as  long  as  the  graduation. 

7.  Extreme  quiet  should  prevail  about  the  instriiment  "when  -work 
is  in  progress.  The  observer  calls  his  readings  in  quick  succession 
and  the  recorder  should  not  repeat  them  back  but  should  test  their 
correctness  by  careful  inspection.  This  is  contrary  to  general  prac- 
tice, but,  in  this  particular  case,  it  -nill  be  found  highly  commendable. 

8.  The  observer  should  make  it  a  i^ractice  not  to  remember  any 
readings  after  he  has  called  them  oflF,  as  otherwise  his  memory  will 
frequently  deceive  him  by  causing  him  to  call  something  that  he  has  in 
mind  in  place  of  the  real  readings  which  he  sees.  As  in  all  scientific 
work,  results  should  be  fact  and  not  fiction,  and  the  observer's  sole  aim 
should  be  directed  toward  obtaining  impartial  and  truthful  results, 
whether  these  be  pleasing  or  otherwise.  The  observer  must  feel  abso- 
lutely satisfied  with  every  reading  taken,  and  when  this  is  not  the 
case,  readings  must  be  repeated  until  such  satisfaction  is  realized,  even 
though  the  notes  necessitate  changes  or  alterations.  A  failure  to  attain 
perfectly  trustworthy  readings  is  always  a  good  cause  for  the  rejection 
of  such  work  when  reasons  therefor  are  given  in  -the  remarks. 

9.  The  strict  requirement,  frequently  imposed,  regarding  the  for- 
biddance  to  erase,  alter  or  obliterate  figures  in  notes,  is  not  consid- 
ered a  safeguard  against  fraudulent  jjeriDetrations  on  the  part  of  an 
observer.  Should  he  have  such  intention  he  can  easily  accomplish  his 
purpose  and  still  comply  with  all  requirements  of  this  kind.  If  the 
employer  is  not  willing  to  accept  the  final  results  of  his  employee,  then 
the  latter  is  not  a  suitable  person  to  entrust  with  precise  leveling 
operations. 

8.  Advantages  of  the  Method  Advocated. 
The  most  reliable  results  in  precise  leveling  are  undoubtedly  to  be 
obtained  by  careful  and  systematic  observations  designed  to  prevent 
and  eliminate  errors  directly  in  the  observations,  avoiding,  as  far  as 
jjossible,  all  more  or  less  speculative  mathematical  manipiilations  in- 
tended to  correct  and  distribute  errors  inherent  in  ordinary  work  and 
imperfect  methods.  The  labor  spent  in  computing  and  applying  cor- 
rections as  practiced  in  the  past,  when  ajiplied  to  direct  elimination 
of  errors  in  the  field,  will  yield  the  highest  attainable  accuracy  in  the 
results,  without  necessarily  increasing  the  cost  of  the  work.  This  is 
the  fundamental  idea  in  the  method  described  and  illustrated. 


MOMTOR    ON    PRECISE   SPIRIT    LEVELING. 


99 


"V 

H 

H 

H 

H 

1^ 

1 

w 

B3 

63 

W 

W 

CO 

&! 

ij 

^ 

t> 

&s 

'si 

—         po 

CO 

^^ 

.^ 

_» 

^^ 

t^ 

_            ^ 

P 

S 

.^ 

iH 

8 

H 

H 

1-3 

H 

H 

H 

S" 

cd 

W 

ca 

cs 

OS 

CO 

-          S"! 

g 

^ 

^ 

tJ 

2 

g 

-     ii 

^ 

^ 

v-i 

^ 

^ 

_^ 

•  B 

to 

^_^ 

,_^ 

,_^ 

w    3- 

§ 

00 

§ 

2 

i 

Is 

o 

o« 

CO 

CO 

-J 

c;i 

Oi 

.- 

i 

itk. 

H 

55 

ce 

iC 

o 

50 

00?;' 

S| 

O 

:o 

bi 

1-3 

M 

o 

^ 

§;Jflb 

fejsoto 

^S3b 

^tob    fe;tob 

fegsab 

^  Direction. 

K++4- 

1    1    1      ++J- 

1  1  1 

1       1 

MM 

«      O 

fC 

^     ^    S^ 

^X,  ^       ^  4^£. 

'^ 

-J-J  3C 

J -J -J 

« :x  -}  o  g 

3      2:^3 

30QC0C 

^  ^j  _i 

22£g' 

"'      o     § 

::N)0 

3       O 

H" 

•       tc 

14- 

+  1 

1  + 

!+    : 

14- 

1  :  +3 

co 

oo 

oo 

oo      • 

oo 

o-    og 

^^    Resid. 

h^  t_X 

oo 

znat     - 

oo 

'-J  •    -J  ? 

OSOl 

oo     • 

•    1 

■    1 

•    1 

:   1 

:'  ;  Lb 

-O 

•    to 

:  £ 

•      CO 

■    to 

•     fO       • 

•      OS 

«3'3 

•      CO 

•    -J 

•      •      ►-»■ 

1 

M 

.-^ 

^ 

:  + 

:  4- 

:  + 

:  +    : 

:  4- 

m 

•      lO 

•      CO 

■      N> 

•    to     ■ 

•    to 

«g| 

•     00       • 

•      CO 

•     00 

?§ 

•    o 

•    o 

•    o 

•    o      • 

•    o 

:  :  PB 

in-^ 

o 

.     J_l 

•    o 

:  :  §3 

•    -J 

*~^ 

^^ 

w 

H 

.    .         3 

,,--^ 

2 

•      CO 

■      CO 

•      CO 

•    .CO        • 

•      CO 

:  :  ~3 

PH-o"' 

o 

•    ts 

■    ts 

•    ts 

•    to     ■ 

'     •"* 

3) 

—  to     • 

>-»to 

to  CO  CO® 

-        5?S 

l_LCO 

o  o 

2    Ii 

i-'Co 

CO 

-jce 

ffil-1     . 

OOl-i 

K^tOOp 

^      pw 

:  :  :  3 

:  :  :  3 

w    .°a 

^ 

^ 

_ 

^ 

„ 

„ 

3 

4^     £ 

oo 

to 

tf^ 

o 

o 

t_t 

s§ 

rs 

£ 

s 

s 

1 

g 

£ 

a 

s 

to 

1 

i 

1 

or 

% 

§ 

§ 

^.  >=d 

en 

00 

o 

OI 

VX 

H 

H 
o 


H 


GO 
d 


o 

tIJ 
o 
o 

w 


100  ilOLITOR    OX    PRECISE    SPIRIT   LEVELING. 

TABLE  No.  19. — Eekors  ix  Li>es  B.ry  Direct 


DiKECT  Line. 


Back  sight. 

Fore  sight. 

DifE. 

Point. 

M.Read. 

Th.dist. 

Point. 

M.Read. 

Th.dist. 

Elevat.                    xvcii^.«.». 

T.B.M. 

128 

dcm. 

[26.007 

dcm. 
3.664 

T.  P.  1 

dcm. 
16.094 

dcm.       mm. 
3  660    +  991  3  Cloudy:   fresh  wind;   reading 

3.526   +1130.5  Cool,  puffv  wind. 

3.205   —  171 .1  Sun  out  on  first  set  of  F.  S. 

3.252    4-  368.5  Sun  shining:  brisk  wind. 

3.224  l-l-  111.9  Cloudy. 

3.164    -i-ir^.8  Cloudv:  wind  abating. 

3.338  1+  828.8  Delayed  1  hr.  by  rain. 

T.  P.  1 
2 
3 
4 
5 
6 

22.051 
16.286 
19.246 
10.100 
22.616 
20.919 

3.429 
3.363 
3.193 
3.165 
3.245 
3.319 

2 
3 
4 
5 

6 
7 

10.686 
17.997 
15.561 
8.981 
5.298 
12.631 

7 

19.102 

3.169 

T.  B.  M. 

129 

[-25.136 

3.181 

—  603.4  Cloudy:  light  wind. 

Totals.. 

156.357 

26.547 

112.384 

26.550 

44397.3 

T.B.M. 

129 
T.  P.  1 

121.806 
16.640 

3.448 
3.409 

T.  P.  1 
2 

16.216 
17.555 

3.494 
3.567 

+  559.0 
-    91.5 

Cloudy:   light  wind;    reading 
very  good. 

2 

16.838 

3.323 

3 

15.458 

3.317 

+  138.0 

" 

3 

13.355 

3.213 

4 

17.356 

3.014 

—  400.1 

" 

4 

16.038 

3.038 

5 

20.n3 

3.068 

—  467.5 

" 

5 

9.652 

3.120 

6 

20.521 

3.207 

—1086.9 

Cloudy:  calm;  reading  good. 

6 

15.042 

3.239 

7 

21.216 

3.205 

—  617.4 

.. 

7 

15.419 

3.149 

8 

16.151 

3.043 

—    73.2 

Cloudy:  light  wind. 

8 

11.213 

3.164 

9 

1^839 

3.155 

—  362.6 

9 

14.487 

3.251 

10 

12.716 

3.S28 

+  177.1 

Partly  cloudy;  light  wind. 

10 

14.578 

2.761 

T.B.M. 
130. 

[ 14.914 

2.818 

—    33.6 

Sun  shining. 

Totals.. 

165.068 

35.115 

187.655 

35.116 

—2258.7 

Note. — Value  of  level  tube,  2.33"  per  2-mm.  graduation;  magnifying  power  of  telescope 
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Reverse  Line. 


Back  sight. 

Fore  sight. 

Diff. 
Elevat. 

Remarks. 

Error. 

I>-R. 

Point. 

M.Read. 

Th.dist. 

Point. 

M.Read. 

Th.dist. 

dcm. 

dcm. 

dcm. 

dcm. 

mm. 

mm. 

T.  P.  7 

17.706 

8.660 

T.  B.  M. 

128 

1  27.626 

3.668 

+  992.0 

Cloudy;    calm;    Ught 
rain. 

-0.7 

C 

10.743 

3. .517 

T.P.  7 

22.097 

3.427 

+1135.4 

"          ■'          " 

+1.1 

5 

18.193 

3.199 

6 

16.484 

3.365 

—  170.9 

u                      "                      " 

—0.2 

4 

15.844 

3.2&1 

5 

19.523 

3.169 

+  367.9 

"            "            " 

-t-0.6 

3 

8.831 

3.229 

4 

9.951 

3.168 

4  112.0 

"            "            " 

-0.1 

2 

5.336 

3.162 

3 

22.687 

3.243 

+17.35.1 
-1-  829.2 

"            "            " 

-0.3 

1 

12.534 

3.339 

2 

20.826 

3.322 

"           '•           " 

-0.4 

T.  B.  M. 

129 

1  25.109 

3.181 

1 

19.075 

3.166 

—  603.4 

Prob.error  ±0.517  mm. 

0.0 

Totals.. 

114.296 

26.541 

158.269 

26.528 

-H397.3 

0.0 

T.P.  10 

■    16.062 

3.480 

T.  B.  M. 

129 

1  21.655 

3.472 

4-  559.3 

Partly  cloudy;   read- 
ing good. 

—0.3 

9 

17.441 

3.359 

T.P.  10 

16.524 

3.409 

—    91.7 

Partly  cloudy;  read- 
ing good. 

+0.2 

8 

15.083 

3.318 

9 

16.462 

3.330 

+  137.9 

Partly  cloudy;   read- 
ing good. 

-^-o.l 

7 

17.036 

3.017 

8 

13.039 

3.211 

—  399.7 

Partly   cloudy;  read- 
ing good. 

-0.4 

6 

20.277 

3.071 

7 

15.603 

3.050 

—  467.5 

Clear;     light     wind; 

0.0 

reading  good. 

5 

20.245 

3.207 

6 

9.373 

3.122 

—1087.2 

Clear;     fresh     wind; 

+0.3 

reading  good. 

4 

20.936 

3.202 

0 

14.761 

3.236 

—  617.5 

Clear:      fresh     wind; 

+0.1 

reading  good. 

3 

15.889 

3.053 

4 

15.157 

3.150 

—    73.2 

Clear;      light     wind; 

0.0 

reading  good. 

2 

14.683 

3.159 

3 

11.057 

3.165 

—  362.6 

Clear;      light     wind; 

0.0 

reading  good. 

1 

12.506 

3.217 

2 

14.277 

3.252 

+  177.1 

Partly  cloudy;  read- 
ing good. 

0.0 

T.B.  M. 
130 

1  14.942 

2.800 

1 

14.604 

2.791 

—    33.8 

Clear;  reading  good. 
Prob.  error  +  0.32. 

+0.2 

Totals.. 

185.100 

35.093 

162.511 

35.188 

—2268.9 

+0.2 

50  diameters;  smallest  graduation  on  rods,  1  cm.;  Lake  St.  Clair  Levels,  1899. 
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Furtliei'more,  the  readings  are  so  taken  and  recorded  that,  by  care- 
ful inspection,  the  recorder  can  always  see  whether  there  has  been  an 
error  in  reading  or  recording.  Should  any  dispai'ity  exist,  or  any 
irregularity  from  atmosj^heric  influences  be  noticeable,  the  readings 
can  be  repeated  until  a  rational  set  is  obtained.  This  is  the  secret  to 
the  success  of  this  method. 

The  only  disturbing  element  which  cannot  be  detected  in  the  read- 
ings, even  though  it  may  be  acting,  is  the  warjiing  of  the  telescope 
caused  by  direct  and  radiated  heat  in  warm  weather.  This  error  may, 
however,  be  detected  by  closing  each  stretch  in  the  same  half  of  the 
day,  and  it  may  be  almost  entii'ely  eliminated  by  closing  an  equal 
number  of  stretches  forenoons  and  afternoons. 

The  office  reduction  consists  merely  of  comi^iling  results  and  com- 
puting elevations,  and  no  corrections  of  any  kind  are  necessary  save 
those  already  applied  in  the  field  reduction  and  checked  in  the  field. 

While  the  ultimate  attainable  accuracy  in  precise  leveling  depends 
directly  on  the  number  of  levelings  or  duplications  of  work,  it  is  not 
deemed  necessary,  from  a  utilitarian  standpoint,  to  run  more  than  two 
Hues,  one  direct  and  the  other  reverse,  thus  forming  a  loop.  To  go 
beyond  this  would  result  in  merely  a  slight  increase  in  accuracy  at  a  very 
considerable  increase  in  cost  over  that  for  a  double  line.  Thus,  three 
single  lines  would  yield  a  theoretical  accuracy  of  1. 4*  times  that  obtained 
from  two  lines,  at  50%"  increase  in  cost,  and  four  lines  would  give  an 
accuracy  of  1.7*  times  that  from  two  lines,  at  100%"  increase  in  cost. 

Hence,  conceding  the  necessity  for  running  dujjlicate  lines,  it  does 
not  appear  practicable  to  seek  greater  accuracy  by  duplicating  lines 
more  than  twice,  and,  whatever  jirocess  of  leveling  is  used,  it  should 
be  designed  with  a  view  of  producing  the  highest  accuracy  in  the 
results  for  a  single  pair  of  lines.  This  claim  attaches  to  the  method 
above  described. 

AccuBAcy  OF  Precise  Level  Work. 
1.  The  Actual  Error  of  Closiire. 

The  various  sources  of  error  have  been  treated  at  considerable 
length  in  a  previous  part  of  this  pajjer.  The  residual  or  resultant 
error  of  a  loop  of  levels  formed  by  a  i^air  of  lines  (direct  and  reverse) 
will  now  be  discussed. 

*NoTE  (added  by  author  after  reading  discussions).— Should  be  1.2  and  1.4  times, 
respectively,  as  given  in  Mr.  Hayford's  discussion. 
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A  very  prevalent  idea  among  men  of  experience  in  leveling  is  that 
tho  resnltiiut  error  of  closure  of  a  stretch  of  levels  is  essentially  acci- 
dental, being  made  up  of  errors  of  estimation  and  pointing,  and 
atmospheric  disturbances,  all  of  which  are  considered  of  a  compensat- 
ing nature.  Heaving  or  settling  of  rods  or  instrument  have  been 
cited  as  explanations  for  errors  of  a  constant  nature.  Cumulative 
errors  have  also  been  attributed  to  the  personal  equation  of  the 
observer. 

According  to  the  ■writer's  experience,  however,  the  important 
cumulative  error  is  that  produced  by  the  warping  effect  of  the  sun's 
direct  and  reflected  heat  rays  on  the  telescope  (see  experiments  in 
Table  No.  6).  All  other  errors  are  generally  of  a  comiiensating 
nature  when  good  instruments  are  used.  Errors  due  to  heaving  or 
settling,  when  they  reach  a  measurable  magnitude,  are  the  result 
of  carelessness,  improper  instrumental  equijjment  or  very  unsuitable 
ground. 

To  illustrate  more  conclusively  the  views  here  expressed,  the  level- 
ings  in  Table  No.  19  are  given,  in  which  two  stretches  were  leveled 
over  fixed  turning  points  by  the  method  described.  The  individual 
thread  readings  are  omitted  for  the  sake  of  bre^-ity,  and  only  the 
mean  pointings  are  given.  The  settings  of  the  reverse  lines  are  given 
in  the  order  taken  on  the  direct  lines,  thus  offering  a  more  ready 
comparison. 

The  weather  conditions  on  the  direct  line  128-129  were  good, 
though  somewhat  changeable,  while  on  the  reverse  line  the  condi- 
tions were  uniformly  good.  This  fact,  as  explained  by  the  remarks, 
clearly  shows  the  effect  of  atmospheric  changes  on  the  level  error. 
While  the  error  was  entirely  compensated  in  the  eight  instrument 
settings,  yet  the  difference  of  elevation  between  T.  P.  1  and  T.  P.  2 
found  on  the  direct  line  is  1.1  mm.  larger  than  that  found  on  the 
reverse  line. 

On  the  stretch  129-130,  the  weather  conditions  were  quite  imiform, 
and  the  partial  errors,  as  also  the  residual  closing  error,  are  all  very 
small,  sho-w4ng  that  the  small  final  closure  is  not  an  accidental  balance  of 
large  errors,  but  the  result  of  accurate  pointings  and  close  rod  estima- 
tions, without  atmospheric  disturbances.  This  stretch,  or  any  por- 
tion thereof,  closes  within  the  assigned  limits  of  i^ermissible  error  for 
work  of  the  highest  grade. 


104 


MOLITOR   ON    PRECISE    SPIRIT   LEVELING. 


Other  data  relating  to  these  two  lines  are  given  in  the  example  of 
index  page  for  field  notebooks,  Table  No.  17. 

The  errors  in  the  two  lines  128-129  and  129-130  are  entirely  of  a 
compensating  nature.  However,  to  give  an  idea  of  the  effect  of  tem- 
perature and  atmospheric  changes  producing  cumulative  errors,  a  few 
other  readings  are  given  in  Table  No.  20,  which  were  taken  on  the  last 
T.  P.  10  and  T.  B.  M.  130,  when  the  sun  was  higher,  but  good  readings 
still  possible. 

TABLE  No.  20. 


Difference  of  elevation,  T.  P.  10  to 

Time,  July  6th,  1899. 

T.  B.  M.  130. 

Temp. 

mm. 

deg.  C. 

7.15  a.  m. 

-33.6* 

18.3 

7.25  A.  M. 

—32.7 

19.4 

7.30  a.  m. 

—32.2 

20.5 

8.00  a.  m. 

—32.2 

21.1 

4.45  P.  M. 

—33.8* 

26.7 

*  Accepted. 

Such  wide  differences  from  the  values  knovra  to  be  good  cannot 
escape  detection,  and,  when  temperature  conditions  are  such  as  to  pro- 
duce a  marked  inclination  in  the  line  of  sight,  the  error  will  always 
show  as  a  cumulative  effect,  i^rovided  a  stretch  is  closed  during  the 
same  half  of  the  day. 

Many  other  examples  of  this  kind  might  be  cited  to  locate  the 
causes  of  cumulative  errors  in  temperature  effects  rather  than  to  in- 
dulge in  a  sijeculative  mathematical  elaboration  intended  to  show  ef- 
fect of  rod  supiJorts  or  i^ersonal  errors  which  may  or  may  not  be 
founded  on  facts. 

L.  L.  Wheeler,  M.  Am.  Soc.  C.  E.,  United  States  Assistant  Engi- 
neer, in  discussing  the  cumulative  errors  of  jarecise  level  work  done 
under  the  Mississippi  River  Commission,*  attributes  these  errors  al- 
most wholly  to  personal  errors  of  the  observers,  and  even  derives  the 
personal  equations  of  the  various  observers  engaged  on  this  work. 
These  cumulative  errors  more  jDrobably  represent  the  susceptibility  to 
temperature  effects  of  the  various  instruments  used.  This  presump- 
tion seems  the  more  justifiable  because  a  large  portion  of  the  work 
was  done  during  very  warm  weather  and  generally  in  a  north  and  south 
direction. 

♦Annual  report  of  Miss.  Riv.  Com.,  1883,  p.  141  et  seq. 
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TABLE  No.  21. 


-Accuracy    of   Princii'al.   PiuicisE  Level  "Work    in 
THE  United  States. 


■s 

a 

s..- 

a 

■Bi 

u  V 

Name  op  Line. 

Observer. 

Time  of  work. 

^.1 

Q 

gJU 

Work  by  the  United  States  Coast  and  Geodetic  Survey. 
St.   Louis,    Mo.,    to     New 

Haveu,  Mo A.  Braid Oct.  to  Dec.  '82.         W. 

Mobile.  Ala.,  to   Okolona.  J.  B.  Weir  and  J.  E. 

Mis-s McGrath 1884-1886.  N. 

Villa  Ridge.  Ky.,  to  Odin, 

111 J.  B.  Weir Apr.-Jun. '85.  N. 

New  Haven  to    Jefferson  G.  Bradford    and    I. 

City.  Mo Winston Apr.-Jun.  '88.  W. 

Greeiitield.  Tenn.,  to  Villa  I.  Winston  and  P.  A. 

Ridge,  Ky j    Welker Oct. '88-Jan. '89.        N. 

Okolona.  Miss.,  to  Green- 1.  W'inston  and  F.  A. 

field,  Tenn Young Oct. '89-Mar. '90.        N. 

Jefferson  City.  Mo.,  to  Hoi- 1.  Winston  and  F.  A. 

liday.  Kan Young Apr.-Oct. '91.        N.  W. 

Corinth,  Miss., to  Memphis.  , 

Tenn I.  Winston Nov. '90-Jan.  91.    I     W. 

Old  Point  Comfort— Rich- 
mond, Va I.  Winston Dec.  '91-Feb.  '92.     N.  W. 

HolUday— Salina,  Kan I.  Winston Jul.-Oct.  '95.  W. 

Work  by  the  Mississippi  River  Commission. 
Keokuk,      Iowa— Grafton.  J.  B.  Johnson  and  O. 

Ill I    W.Ferguson May- Aug. '81. 

Grafton— Cairo,  lU J.  A.  Paige  and  O.  W. 

j      Ferguson Aug.  '80-Mar.  '81, 

Carrollton,       La. — BiIoxi,'j.  B.  Johnson  and  O. 

Miss I    W.Ferguson Early  1882. 

Keokuk,  Iowa — Fulton,  El.' J.  B.  Johnson  and  O. 

W.  Ferguson Sept. -Nov.  "62. 

Fulton,  111.— Chicago.  111. .  J.  B.  Johnson  and  O. 


km.  I  mm. 
116.2!±0.83 

423.5±0.83 

176.0i±0.91 

84.4±0.98 

128.l'±1.02 

265.4'±0.93 

286.7!±1.47 

151 .4  ±1.05 

140.5'±1.80 
275.9;±0.85 


St.    Paul,     Minn. — Savan- 
nah, m 


W.  Ferguson May- Aug.  'I 

O.  W.  Ferguson  and 

A.  L.  Johnson 

J.  A.  Paige 


May-Oct.  "91. 
May-Sept.  '91. 


Jan. -Mar.  '93. 
June-Nov.  '98. 


Jan.-Mar.  "98. 


*  Duluth— St.  Paul.  Jlinn. 

*  New    Orleans— Head   of  J.  A.  Paige  and  E.  J 
Passes Thomas 

*  St.  Paul— Aitkin W\  S.  Williams 

*  New  Orleans— Port  Eads.  W.  S.  Williams  and 

E.  .!.  Thomas 

*  Baton  Rouge— New  Or- W'.  S.  Williams  and 
leans E.J.Thomas Dee.  "OT-Jan. '98 

*  Fort       Adams  —  Baton  W.  S.  Williams   and 

Rouge E.  L.  Harman Jan.-Mar.  19110. 

*  New  Orleans— Biloxi W.  S.  Williams  and 

!     E.  L.  Harman "'  " 

*  Brainard— Lake     Itasca,  W.  S.   Williams  and 

Minn E.  L.  Harman Aug.-Nov.  1900. 

Work  by  Missocri  River  Commission. 
St.     Joseph,    Mo.— Mouth  O.  W.  Ferguson  and 

Missouri  River A.  L.  Johnson Mar.-Nov.  "92. 

W^ORK  by  Engineer  Department,  U.  S.  A. 
Corinth,      Miss.— Decatur,  O.  W.  Ferguson  and 

Ala I    F.  B.  WiUiamson . .        Apr. -Jul.  '95. 

Birmingham,  Ala.— Merid- 
ian. Miss jo.  W.  Ferguson 

^H^^P?*  M?.-^^^"^  ^^^'  [  David  Molitor June,  1899. 


S.  E. 
S.  E. 

N.  E. 
N.  E. 
N.  E. 


S.  E. 
S.S.W. 

N.  W. 
N.  W. 

S.  E. 

S.  E. 

S.  E. 

E.  N.E. 

N.  W. 


242 

346 
140 
267 
261 


±0.74 
±1.18 
±0.67 
±0.67 
±0.84 


484.7  ±0.62 

251.2  ±0.99 

164.3  ±0.69 
317.6  aiO. 54 

\ 
183.5  ±0.68 

143.7l±0.68 

129.3±0.63 

135.3'±0.61 

203     ±0.59 


S.  S.  E.|    622.5|±0.58 


S.  S.  E.      173     ±0.62 


s.  w. 

N. 


timore,  Mich 

W^oRK  BY  U.  S.  Board  of  Engineers  on  Deep  Waterways. 
Gibraltar  —  Grossepointe, 
and    N.    Baltimore— Pt. 

O.  W.  Ferguson 


±0.55 

S    43.6  ±0.48 
'(    41.0  ±0.33 


Huron,  Mich 

St.  Regis— Oak  Point,  N. 

Y 

Oak  Point— Tibbetts    Pt., 

N.Y.,  St.  Lawrence  River 


David  Molitor., 


Sept.  21-Dec.  15,98. 
Aug.  10-Nov.  1,  '98. 
Nov.  1,  '98-Jun.  '99. 


N. 
S.  W. 

s.  w. 


117.6 
109.2 


±0.48 
±0.61 
±0.48 


*  This  information  was  kindly  furnished  by  J.  A.  Ockerson,  M.  Am.  Soc.  C.  E.,  Member, 

Miss.  Riv.  Com. 
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A  very  fair  idea  of  the  accuracy  generally  attained  on  j^recise  level 
work  in  the  United  States,  and  which  has  not  been  excelled  by  other 
countries,  is  given  in  Table  No.  21. 

2.  The  Probable  Error. 

Having  briefly  discussed  the  actual  error  of  closure  found  between 
a  i^air  of  direct  and  reverse  level  lines,  it  is  intended  here  to  illustrate 
the  extent  to  which  the  theory  of  error  is  apislicable  to  the  subject  of 
leveling. 

The  formulas  for  mean  and  probable  errors  are  applied  to  precise 
level  work  more  particularly  to  give  a  standard  of  comparison 
between  diflPerent  lines  and  observers.  They  are  also  used  to  furnish  a 
criterion  as  to  the  accuracy  of  the  ultimate  result  of  a  line  of  levels. 

In  reality,  however,  these  formulas  serve  the  purpose  intended  in 
a  very  imperfect  manner,  being,  as  they  are,  only  apjilicable  to  rei^eated 
observations  of  the  same  function,  taken  under  similar  conditions, 
and  assuming  the  eiTors  of  observation  to  be  strictly  of  a  compensat- 
ing nature.  It  is  useless  to  add  here  that  the  errors  of  leveling,  and 
the  prevalent  conditions  producing  them,  do  not  morally  justify  the 
application  of  the  theory  of  error  to  leveling.  There  is  only  one 
excuse  for  such  application,  and  that  is  for  want  of  something  better. 

The  theory  of  error  is  apjalicable  to  observations  taken  under  the 
same  conditions,  so  that  the  error  of  a  single  observation  is  as  likely 
to  be  plus  as  minus.  Also,  when  comparing  groups  of  observations, 
each  group  must  contain  the  same  number  of  observations,  and  all  must 
be  taken  under  similar  circumstances. 

In  leveling,  the  jjrincipal  errors  are  due  to  variable  conditions 
which  in  no  way  obey  natural  laws  of  a  constant  character.  Also,  the 
number  of  observations  forming  a  groui^  (rod  readings  in  a  stretch) 
differs  very  widely,  thus  giving  each  group  a  certain  weight  in  the 
determination  of  the  residual  error. 

Hence,  the  essential  requii-ements  necessary  to  render  the  theory  of 
error  ajiplicable  are  entirely  wanting  in  level  observations. 

In  a  general  way,  however,  the  errors  of  leveling,  resulting  from  the 
above-described  system,  are  more  inclined  to  be  compensating  than 
cumulative, an  1  a  computation  of  probable  error,  while  not  truly 
reliable,  would  nevertheless  constitute  a  fair  measure  of  the  average 
accuracy  of  a  piece  of  work. 


MOLITOR    ON    PRECISE    SPIRIT    LEVELIKG.  107 

In  comparing  the  accuracy-  of  different  lines  of  levels,  it  is,  of 
oonrse,  necessary  to  consider  the  uiimber  of  instrument  settings  per 
kilometer  of  line  as  well  as  the  lengths  of  stretches,  because  each 
stretch  constitutes  a  group  of  observations  for  which  only  the  algebraic 
Slim  of  the  errors  is  known  and  each  of  the  quantities  in  the  group  is 
observed  but  twice. 

It  is  necessary,  therefore,  that  the  stretches  be  all  of  the  same 
length  and  leveled  over  with  a  constant  length  of  shot,  aU  of  which  is 
impracticable  and  almost  impossible. 

Generally,  the  length  of  a  stretch  is  determined  by  the  amount  of 
labor  or  number  of  settings  necessary  in  covering  a  certain  line,  and 
would  imjsly  about  10  to  12  instrument  settings,  covering  from  100  to 
1  200  m.  The  length  of  shot  is  chosen  to  fit  the  ground  and  atmos- 
I^heric  conditions  for  reading,  and  may  vary  between  6  and  100  m. 
It  would  be  practically  impossible  to  assign  w'eights  to  groujis  of  ob- 
servations in  which  such  widely  different  factors  constantly  enter. 

As  an  illustration,  the  probable  error  is  computed  for  the  stretch 
T.  B.  M.  128  to  T.  B.  M.  129,  Table  No.  19,  in  which  the  errors  on  the 
individual  turning  points  were  determined  (see  Table  No.  22). 

This  stretch  of  1071.6  m.  length,  leveled  direct  and  reverse  over 
seven  j^ermanent  turning  points,  with  eight  instrument  settings  each, 
closed  with  a  final  error  of  0.00  mm.,  and  in  the  computation  of  Table 
No.  18,  with  a  closure  of  ±:  0.01  mm.  as  a  result  of  the  correction  for 
excess  of  fore  sights.  In  the  computation  of  Table  No.  22  the  probable 
error  is  found  to  be  ±  0.517  mm.,  while  for  the  final  closure  of  the 
stretch  it  is  only  ±  0.003  mm. 

A  similar  computation  of  the  stretch  T.  B.  M.  129  to  T.  B.  M.  130 
(length  1418.3  m.)  results  in  a  probable  error  of  it  0.32  mm.  (Table 
No.  19),  while  the  actual  error  of  closure  was  ±  0.16  mm.  (Table  No. 
18)  with  a  i^robable  error  of  ±  0.11  mm.  This  stretch  is  undoubtedly 
better  than  the  other,  though  it  has  a  more  detrimental  efiect  on  the 
ajji^arent  accuracy  of  the  work. 

The  inevitable  conclusion  to  be  drawn  from  the  foregoing  is,  as 
previously  stated,  that  the  theory  of  error  is  not  justly  entitled  to  a 
l^lace  of  honor  in  discussing  level  errors,  though  it  may  be  used,  as  in 
the  past,  to  give  an  apjjroximate  measure  of  comparison  between 
different  lines. 

Assuming,  then,  that  a  computation  of  the  probable  error  of  a  line 
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of  levels  is  desirable,  the  formulas  i^reviously  given  will  be  repeated 
here,  and  may  be  applied  with  proper  reserve. 

For  a  stretch  over  which  m  level  lines  have  been  run,  the  probable 
error  in  the  mean  of  the  m  values  found  for  the  difference  of  eleva- 


tion will  be  r  =  dr  0. 674 


2v^ 


^  -,    in   w^hich   v   is    the   residual 

\J7n  (m  —  Ij 

error  fi-om  the  mean  for  each  value.     When  only  two  lines  (direct  or 
reverse)   have  been  run,  then  m  =  2,  and  the  two  residuals  become 

equal;  hence  for  this  case  r  —  ±  0.674     I      ^-  =  ±0.674r.    The  values 

of  r  for  any  given  values  of  t  may  be  taken  from  Table  No.  25,  in  the 

Appendix. 

The  probable  en-or  per  kilometer  for  any  stretch,  of  length  L,  in 
r 
kilometers,  is  i:     ,-^,  in  millimeters. 
y   -t- 

TABLE  No.  22. — PROBAUiiE  Eeeoe  of  a  Steetch  or  Levels. 


Distance. 

. 

a 
o 

o 

2 
5 

Difference  of 
elevation. 

•6 
06 

2  V. 

Prob. Error. 

B.  M. 

Determined 
from 

"3 

1 

"3 

1 

4i 

±r. 

±    To. 

T.P.I 

T.  B.  M.  128 

m. 
147.7 

m. 
147.7 

D. 
R. 
M. 

D. 
R. 

M. 

D. 
R. 
M. 

D. 
R. 
M. 

D. 
R. 

M. 

D. 
R. 
M. 

D. 
R. 

M. 

D. 
R. 
M. 

mm. 
+  991.3 
+  992.0 
+  991.65 

+1136.5 
+1135.4 
+1135.95 

—  171.1 

—  170.9 

—  171.00 

+  368.5 
+  307.9 
+  368.20 

+  111.9 
+  112.0 
+  111.95 

+1734.8 
+1735.1 
-1-1734.95 

+  828.8 
+  829.2 
-1-  829.00 

—  603.4 

—  603.4 

—  603.40 

mm. 
-1-0.35 

mm. 

-fO.35 

mm.  1  mm. 
— 0..35   0.236 

mm. 
0.236 

1 

2 

T.P.I 
2 

140.3 

-0.55 

-0.20-f0.20'  0.371 

0.439 

3 

132.6 

-fO.lO 

—0.104-0.10   0.067 

0.445 

3 

4 

4 

130.1 

-0.30—0.40+0.40,  0.202 

0.488 

1 

5 

129.0 

-H)05 

-0.35-H).35 

0.034 

0.490 

6 

5 

6 

129.4 

+0.15 

-0.20 

4-0.20 

0.101 

0.500 

7 

134.3 



-f0.20 

0.00 

0.00 

0.134 

0.517 

T.  B.  M.  129 

7 

128.2 

0.00 

0.00 

0.00 

0.000 

0.517 

1071.6 

Note.— For  method  of  computation  see  explanatory  remarks  accompanying  Table  No.  18- 
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Tlu'  probable  error  ?•„  of  a  lino  of  levels  of  leugtli  2i'  /.  is  »•„  =  i 
V  —  r,  auil  the  i)rol)able  error  i)er  kilometer  is  as  before  ±  ~~,  • 

y    ^    Ij 

These  formulas  are  reatlilv  solved  with  auy  ordiuary  table  of 
squares  and  si^uare  roots. 

3.  The  AlloAvable  Error. 

In  view  of  the  many  perplexities  attending  the  results  and  accuracy 
of  precise  level  work,  the  question  naturally  arises  as  to  what  shall 
constitute  acceptable  work.     This  question  is  not  easily  answered. 

As  a  general  rule,  that  work  is  accej^table  which  is  as  good  as,  or 
better  than,  has  ever  been  done  before.  Any  work  falling  within  this 
requirement  is  certainly  beyond  adverse  criticism.  However,  certain 
local  and  temporary  conditions  may  preclude  the  possibility  of  achiev- 
ing such  results,  and  then  it  becomes  necessary  to  give  an  exialanation 
of  the  reason. 

In  order  that  work  may  be  carried  on  with  a  uniform  degree  of 
accuracy,  a  certain  limit  of  allowable  error  is  usually  stipulated,  and 
whenever  a  pair  of  lines  does  not  close  within  this  limit  one  or  more 
additional  lines  must  be  run  until  a  pair  (direct  and  reverse)  is 
obtained  which  fulfills  the  requirement.  "When  weather  remarks,  etc., 
are  carefully  noted,  the  observer  will  have  little  difficulty  in  deciding 
which  one  of  a  pair  of  lines  is  most  likely  to  be  in  error  and  a  third 
line  will  usually  give  an  acceptable  jjaii-. 

According  to  the  law  of  the  continuity  of  error  in  a  series  of  obser- 
vations, the  allowable  error  of  closure  is  made  a  function  of  the  i/i, 
thus,  e^cy  L,  assigning  various  values  to  c,  according  to  the  accuracy 
desired.  In  this  expression,  L  is  generally  taken  as  the  length  of  the 
loop  line,  in  kilometers,  and  e  is  in  millimeters. 

The  values  assigned  to  the  constant  c  range  from  2  to  10,  the 
former  being  the  smallest  limit  at  i^resent  attainable,  wathout  unneces- 
sarily increasing  the  cost  of  the  work,  when  instruments  of  the  highest 
grade  are  used.  With  very  good  common  levels  work  may  be  done 
within  the  limit  10  V  L,  though  such  work  cannot  be  classed  with 
precise  levels  at  this  time.  The  largest  limit  at  present  permitted  on 
I)recise  levels  is  3  V^X. 

Some  work  under  the  Engineer  Department,  U.  S.  Army,  has  been 
done  within  the  limit  e  =  3  "v/i,  in  which  L  is  the  length  of  the  single 
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stretcli.  This  limit  is  very  nearly  the  same  as  2  y  L  when  L  is  the 
length  of  the  loop  line,  which  latter  is  perhaps  abetter  form,  and  offers 
a  more  ready  means  of  comparison. 

It  follows  from  the  foregoing,  that  the  resulting  accuracy  of  a  line 
of  levels,  as  also  the  cost  and  progress  of  the  work,  depends  almost 
entirely  on  the  limit  assigned,  since  all  work  not  within  such  limit 
must  be  rejected. 

The  formula  assumes  that  the  error  of  leveling  is  jjurely  a  function 
of  the  length  of  the  line  leveled  over.  It  makes  no  allowance  for  the 
fineness  of  the  insti'ument  used,  the  nature  of  the  ground  leveled  over, 
or  the  length  of  shot,  all  of  which  are  important  factors  which  largely 
govern  the  magnitude  of  the  closing  error. 

While  it  is  quite  impossible  to  derive  a  formula  for  allowable  error 
which  shall  include  all  the  variables  in  their  true  mathematical  rela- 
tion, the  writer  ventures  to  propose  a  new  formula  which  is  intended 
to  give  due  weight  to  the  principal  factors  which  go  to  make  uiJ  the 
error  of  closure  between  a  pair  of  lines. 

This  formula  is  i?  =  c  ^Z L  ^~i    in  which  L  is  the  length  of  the  loojj 

line,  in  kilometers;  I  is  the  average  length  of  shot,  in  meters;  e  is  the 

allowable  error,  in  millimeters;  and  c  is  a  constant  representing  the 

quality  of  the  instrument,  and  differs  for  different  instruments.    Calling 

V  the  curvature  of  the  level  tube,  in  seconds  per  2-mm.  graduation;  m 

the  magnifying  iiower  of  the  telescoj^e,  in  diameters;  and  /the  smallest 

V  t 
graduation  on  the  rod,  in  millimeters;  then  c 


As  this  formula  does  not  make  any  allowance  for  atmospheric 
variations  it  may  be  generally  accepted  only  for  excellent  weather  con- 
ditions, and  errors  which  exceed  this  limit  are  usually  the  result  of 
poor  observing  or  injurious  temperature  effects. 

As  the  i^rincipal  source  of  error,  however,  is  caused  by  temjjerature 
and  atmospheric  effects,  as  previously  explained,  the  foregoing  value 
will  be  found  to  be  extremely  small  and  difficult  to  maintain,  even  on 
the  most  careful  leveling.  It  is,  therefore,  necessary  to  add  a  numer- 
ical constant  Tc,  to  cover  these  errors  to  the  extent  desired.  The 
final  formula  then  becomes 
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To  facilitate  the  use  of  this  formula,  as  also  those  iu  comiuou  use,  a 
diaf^ram,  Fig.  17,  is  given  in  the  Appendix,  from  which  values  of  e 
may  be  read  off  for  any  ordinary  values  of  L  and  /.  The  diagram  is 
self-explanatory  and  will  be  found  far  more  convenient  than  a  tabula- 
tion of  allowable  errors. 

1.  The  Adjustment  of  Errors. 

Whenever  a  stretch  of  levels  is  run  in  two  directions  between  suc- 
cessive bench-marks,  thus  forming  a  closed  polygon,  the  resulting 
error  of  closure  must  be  distributed  in  some  manner  prior  to  using  the 
difference  of  elevation  thus  obtained  in  the  comiautation  of  elevations 
above  datum. 

Since  there  are  generally  but  two  measurements  (direct  and  reverse) 
of  the  difference  of  elevation  between  successive  benches,  the  most 
probable  value  is  rejjresented  by  their  arithmetic  mean.  This  is  quite 
as  true  when  three  or  four  accepted  measurements  exist,  though  this 
is  rarely  the  case,  since  a  single  pair,  closing  within  the  stipulated 
limit,  is  considered  sufficient.  The  foregoing  examples  of  level  notes 
are  reduced  in  this  manner. 

When  a  line  of  levels  closes  on  itself,  thus  forming  a  polygon,  the 
resulting  error  of  the  polygon  must  be  distributed  over  the  entire 
periphery  (either  in  proportion  to  the  length,  or,  perhajDS  better,  in  pro- 
portion to  the  square  root  of  the  length,  from  the  known  starting 
point).*  As  there  is  always  more  or  less  guesswork  attending  such 
distribution,  it  matters  little  which  method  is  adopted. 

For  large  polygons,  the  spheroidal  correction  should  first  be  applied 
to  each  side  before  attemjjting  any  final  distribution  of  the  closing 
error,  as  this  error  may  be  materially  affected  thereby. 

It  sometimes  hajipens  that  a  succession  of  polygons,  or  a  polygonal 
system,  requires  adjustment.  Such  an  adjustment  may  be  made  by 
the  method  of  least  squares,  as  given  in  some  text-books  on  the  "  Ad- 
justment of  Errors"  (Wright  and  others),  or  it  maybe  accomplished 
by  a  repetition  of  the  method  just  mentioned  for  a  single  polygon, 
which  latter  is  less  laborious  and  quite  within  the  knowable  exact- 
ness. AU  methods  applicable  to  this  problem  must  be  regarded  as 
guesswork,  be  they  methodical  or  otherwise.     A  good  common-sense 

*  Note  (added  by  author  after  reading  discussions).— This  should  read— so  that  the 
difference  in  elevation  of  each  side  receives  a  correction  proportional  to  the  length,  or, 
perhaps  better,  to  the  square  root  of  the  length  of  such  side. 
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adjustment    is    entitled  to  as  mucli  confidence  as  any  other.     It  is, 
therefore,  deemed  unnecessary  to  add  more  on  this  subject. 

Rapidity  of  Work. 

The  rapidity  with  which  precise  level  work  may  be  prosecuted  is 
governed  by  the  quality  of  the  work,  the  training  and  experience  of 
the  party,  the  grade  of  the  instrumental  equii^ment,  the  nature  of  the 
ground  traversed  and  the  weather. 

It  is,  therefore,  difficult  to  give  exact  information  on  this  subject, 
though  some  few  facts  will  enable  the  reader  to  make  a  fair  estimate 
for  various  conditions  under  consideration. 

With  a  well-equipped  and  experienced  party,  following  the  method 
l^reviously  described,  the  average  rate  of  jirogress  over  comparatively 
level  country  will  be  about  4.5  km.  of  single  line  i^er  day  worked. 
This  is  for  a  limiting  error  of  closure  e  =  S  -[/  L,  in  which  L  is  the 
length  of  the  loop,  in  kilometers. 

The  weather  conditions  generally  limit  the  length  of  sight  to  from 
30  to  85  m. ,  with  an  average  of  about  50  m.  This  would  necessitate 
from  17  to  6  instrument  settings  per  kilometer  of  single  line.  Occa- 
sionally, short  sights,  ranging  from  6  to  10  m.,  are  necessitated  by 
undulating  ground,  in  which  case  the  rate  of  j^rogress  becomes  very 
slow. 

When  the  previously  described  method  of  observing  is  followed, 
the  average  time  required  to  walk  between  stations,  set  up  the  instru- 
ment, and  take  the  readings,  is  about  9J  minutes.  For  exceptionally 
good  runs,  with  clear,  steady  air  and  good  footing  on  the  road,  this 
time  can  easily  be  reduced  to  7  minutes,  enabling  the  work  to  jaroceed 
at  the  rate  of  about  1  mile  an  hour.  However,  1  km.  i^er  hour  is  very 
good  progress,  and,  for  average  conditions  of  weather  and  walking,  not 
much  over  600  m.  per  hour  will  be  accomjalished.  This  latter  rate 
represents  a  good  average  for  a  whole  field  season. 

The  number  of  Sundays  and  days  on  which  weather  conditions 
prevent  field  work  being  done  can  be  estimated  as  between  20  and  25^*^ 
of  the  days  spent  in  the  field.  However,  most  of  this  time  is  well 
spent  in  working  up  the  notes  and  jsreparing  the  summary  of  results, 
etc. 

The  average  working  day  will  rarely  exceed  8  hours,  and  Avill 
generally  be  about  7^  hours,  because  the  midday  hours  do  not  permit 
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of  }j;t>o(l  work  bciuj:;  iloue,  excoj)!  (hiring  cloudy  weather.  This  a]>]iiir- 
ently  lost  time  cau  always  ho  advautageously  devoted  to  the  cheekiug 
of  notes. 

Table  No.  2:3  will  suffiee  to  give  a  good  idea  of  the  work  performed 
in  a  field  season.  The  St.  Lawrence  River  levels  were  run  by  the 
writer,  from  Aiigust  10th  to  December  1st,  1898,  and  fi-om  May  Ist  to 
June  1st,  1899,  for  the  U.  S.  Board  of  Engineers  on  Deep  Waterways.* 

The  Lake  St.  Clair  levels  were  rnn  by  the  w^riter  in  June,  1899,  for 
the  Engineer  Department,  U.  S.  Army.  The  former  line  was  generally 
very  undulating,  and  over  jsoor  roads  for  much  of  the  distance;  while 
the  Lake  St.  Clair  line  was  over  good  level  roads. 

TABLE  No.  23.— Data  on  Rapidity  of  Work. 


Item. 


Total  number  of  days  in  the  field 

Number  of  Sundays 

Number  of  days  lost  by  rain,  etc 

Number  of  days  actually  worked 

Number  of  hours  actually  worked 

Number  of  kilometers  of  sing:le  line  run 

Number  of  kilometers  single  line  per  day  in  field 

Number  of  kil(  >meters  single  line  per  day  worked 

Number  of  kilometers  single  line  per  houi"  worked 

Average  time  consumed  per  setting 

Number  of  instrument  settings,  entire  work 

Average  number  of  instrument  settings  per  kilometer. . . 

Average  length  of  stretch,  in  meters 

Average  length  of  shot,  in  meters 

Actual  closure  at  end  of  line,  residual  from  mean 

Residuals  passed  through  zero,  times 

Blaximum  value  of  residuals,  from  the  mean 


St.  Lawrence 

Lake  St.  Clair 

River  levels. 

levels. 

135 

27 

20 

5 

9.5 

0 

105.5 

22 

746 

159 

433.55 

98.05 

3.21 

3.63 

4.11 

4.46 

0.58 

0.62 

lO.lOmin. 

9.81  min. 

4  430 

972 

10.6 

9.9 

815.7 

1  014.4 

49.0 

50.4 

±  1.07  mm. 

±2.04  mm. 

14 

0 

±14.72  mm. 

±5.44  mm. 

Cost  of  Work. 

The  reliable  data  bearing  on  this  subject  are  very  meager,  and  must 
always  be  used  with  reserve. 

Nearly  everyone,  intrusted  with  w'ork  of  this  class,  will  take  pride 
in  producing  it  as  cheaply  as  possible,  yet  all  high-grade  work  de- 
mands proper  pecuniary  recognition,  and  as  the  cost  of  leveling  is 
almost  entirely  a  question  of  salaries,  it  is  readily  seen  that  a  wide 
range  is  possible,  even  for  the  same  quality  and  rate  of  progress  of 
work. 

The  factors  of  weather,  season  of  year,  nature  of  ground  covered. 


*  Final  Report  of  U.  S.  Board  of  Engineers  on  Deep  Waterways. 
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etc.,  all  enter,  as  for  rate  of  progress,  though  the  governing  item  is 
liberality  in  the  wages  paid. 

The  average  salaries  which  should  be  paid  to  members  of  a  party 
doing  high-class  precise  level  work  are  about  as  follows: 

Chief  of  party  or  observer,  §200  jjer  month  and  subsistence  in  field. 

Kecorder 100 

Rodmen 60 

Umbrellaman 3')  "  "  " 

This  schedule  is  intended  only  for  the  highest  grade  of  precise 
levels  and  for  experts  in  that  line.  Subsistence  in  the  field,  when  a 
party  subsists  on  the  country,  -will  range  from  70  cents  to  §1.00  jjer 
day  per  man. 

Table  No.  24  gives  the  cost  of  work  done  by  the  writer  during  1898 
and  1899,  and  may  be  accepted  as  a  very  reasonable  expenditure  when 
the  quality  of  the  work  is  considered.  The  traveling  expenses  of  the 
party,  to  and  from  the  field,  are  excluded,  while  salaries,  subsistence, 
reduction  of  notes  and  traveling  expenses  incidental  to  the  work  are 
all  included. 

TABLE  No.  24. 


• 

Like  of  Levels  Along 

Item. 

St.  Lawrence 
Kiver. 

Lake 
St.  Clair. 

Establishment  of  permanent  bench-marks,  each 

$4.51 
5.43 

10.86 
0.83 

Cost  of  leveling  1  km.,  single  line 

$4.61* 

Cost  of  leveling  1  km.,  direct  and  reverse 

9.22* 

Cost  of  compiling  and  reducing  notes  per  single  kilometer 

0.84 

A  good  hberal  value  for  estimating  total  cost  of  precise  level  work 
(exclusive  of  transi^ortation  to  and  from  the  field)  is  about  §15  jjer 
kilometer,  or  §24  per  mile,  of  double  line. 


*  Note  (added  by  author  after  reading  discussions), 
bench-marks. 


-Including  establishment  of 
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.A.  IP  i^  E  IN- ID  I IX:  . 


A  diagram,  Fig.  17,  for  taking  off  the  allowable  error  on  precise 
level  work,  aud  Table  No.  25,  for  the  computation  of  jn-obable  error, 
are  appended.  These  will  serve  a  good  i)urpose  in  the  field  as  also  in 
the  final  comi)ilatiou  of  results. 

The  writer  takes  this  opportunity  of  expressing  his  sincere  thanks 
to  the  U.  S.  Board  of  Engineers  on  Deep  Waterways;  C.  W.  Raymond, 
M.  Am.  Soc.  C.  E.,  Col.,  Corjjs  of  Engineers,  U.  S.  Army;  Alfred 
Noble  and  Geoi'ge  Y.  Wisner,  Members,  Am.  Soc.  C.  E.  and  members 
of  that  Boai-d,  and  to  Colonel  G.  J.  Lydecker,  Corps  of  Engineers,  U. 
S.  Army,  in  charge  of  the  Detroit  Office  of  IT.  S.  River  and  Harbor  Im- 
provements, for  granting  their  kind  jjermission  to  use  some  of  the  data 
pertaining  to  the  St.  Lawrence  River  and  Lake  St.  Claii-  Levels. 

The  writer  is  also  indebted  to  Professor  H.  S.  Pritchett,  former 
Superintendent,  U.  S.  Coast  and  Geodetic  Survey,  for  photographs  of 
instruments  shown  in  Plates  1  and  II. 

TABLE  No.  25. — Peobable  Eeeoks  foe  two  Obseevations. 

Equation:  ±  r  =  0.674.     — --=  0.674  v  for  two  observations; 

\)n{m-l) 

r  :=^  probable  error,  v  =  residual  from  mean,  m  =  number  of  observations. 


V. 

±r. 

V. 

±r. 

■        V. 

±r. 

V. 

±r. 

V. 

.. 

0.01 
0.112 
0.03 

0.007 
0.013 
0.020 

0.11 
0.12 
0.13 

0.074 
0.081 
0.088 

0.21 
0.22 
0.23 

0.142 
0.148 
C.155 

0.31 
0.32 
0.33 

0.209 
0.216 
0.222 

0.41 
0.42 
0.43 

0.376 
0.3,s3 
0.290 

0.04 
0.05 
0.06 

0.027 
0.034 
0.040 

0.14 
0.15 
0.16 

0.094 
0.101 
0.108 

0.24 
0.25 
0.26 

0.163 
0.168 
0.175 

0.34 
0.35 
0.36 

0.229 
0.336 
0.243 

0.44 
0.45 
0.46 

0.296 
0.303 
0.310 

0.07 
0.08 
0.09 

0.047 
0.054 
0.061 

0.17 
0.18 
0.19 

0.115 
OAil 
0.128 

0.27 
0.28 
0.29 

0  182 
0.189 
0.195 

0.37 
0.38 
0.39 

0.249 
0.256 
0.263 

0.47 
0.48 
0.49 

0.317 
0.823 
0.330 

0.10 

0.067 

0.20 

0.134 

0.30 

0.202 

0.40 

0.270 

0.50 

0.337 

0.51 
0.52 
0.53 

0.344 
0.350 
0.357 

0.61 
0.62 
0.63 

0.411     1 
0.418     1 
0.425     1 

0.71 
0.72 
0.73 

0.478     , 
0.485     i 
0.492     1 

0.81 
0.82 
0.83 

0.546     1 
0.553    1 
0.559    i 

0.91 
0.92 
0.93 

0.613 
0.(23 
0.627 

0.51 
0.55 
0.56 

0.364 
0.371 
0.377 

0.64 
0.65 
0.66 

0.431     1 
0.438     1 
0.445     j 

0.74 
0.75 
0.76 

0.499     I 

0.505 

0.512 

0.84 
0.&5 
0.86 

0.566 
0.5T3 
0.580 

0.94 
0.95 
0.96 

0.634 
0.640 
0.647 

0.57 
0.58 
0.59 

0.384 
0.391 
0.398 

0.67 
0.68 
0.69 

0.452     i 
0.458     ; 
0.465 

0.77 
0.78 
0.79 

0.519 
0.526 
0.532 

0.87 
0.88 
0.89 

0.586 
0.593 
0.600 

0.97 
0.98 
0.99 

0.654 
0.660 
0.667 

C.60 

0.404 

j     0.70 

0.472 

0.80 

0.539 

0.90 

0.607     1 

1.00 

0.674 

IIG 
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DISCUSSION. 


RuDoiiPH  Bering,  M.  Am.  Soc.  C.  E. — It  might  be  said,  in  connec-  Mr.  He 
tion  with  Mr.  Wilson's  discussion,  that  the  European  joractice,  which 
has  very  thoroughly  covered  this  field  of  precise  leveling,  is  inclined 
toward  obtaining  the  greatest  attainable  precision  and  accuracy,  but 
within  practicable  limits;  which  seems  to  correspond  with  Mr.  Moli- 
tor's  views.  In  important  cases,  it  is  certainly  better  to  avoid  erroi-s  in 
leveling  as  you  go  along,  rather  than  to  rely  simj^ly  on  the  indications 
of  your  closure  results,  which  may  be  due  more  or  less  to  accident, 
from  the  jiossible  fact  that  the  closure  error  may  be  smaller  than  some 
intermediate  errors.  The  sjjeaker  believes  it  to  be  proper,  and  in  the 
line  of  progress,  always  to  secure  the  greatest  practicable  precision 
warranted  by  the  specific  case. 

HoKACE  M.  Marshali,,  M.  Am.  Soc.  C.  E.  (by  letter). — The  treat-  Mr.  Ma 
ment  of  the  subject  in  this  paper  is  exhaustive,  but  would  lead  one  to 
believe  that  the  work  is  very  difiicult;  in  fact,  it  is  stated  distinctly 
that  "very  few"  men  have  made  a  success  of  precise  leveling."  In  the 
first  place,  that  statement  applies  probably  only  to  this  country,  where 
the  method  is  of  recent  application,  and  in  the  next,  only  a  few  men  in 
this  country  have  tried  it. 

Under  the  United  States  Engineer  Office  at  Yicksburg,  Miss.,  no 
less  than  nine  men  have  been  engaged,  from  time  to  time,  on  precise 
level  work,  and  there  has  been  but  one  instance  of  failure.  That  was 
due  to  the  man  getting  "  rattled  "  by  becoming  imbued  with  the  idea 
that  the  work  was  especially  "  scientific."  It  is  exactly  this  feature 
which  needs  to  be  combated  in  order  that  the  method  may  become 
more  generally  adopted  on  jirivate  and  corjiorate  wo]  k. 

When  any  one  talks  about  running  levels  to  hundi'edths  of  a  milli- 
meter with  a  self-reading  rod,  they  excite  derision,  though  they  may 
be  happy  in  the  knowledge  that  no  one  can  prove  the  results  incor- 
rect. It  smacks  too  much  of  theory  and  too  little  of  experience.  There 
is  absolutely  nothing  in  jirecise  leveling  save  an  accurate  instrument 
(with  a  sensitive  bubble)  and  a  thorough  programme  for  making  the 
readings,  to  get  good  results.  By  thorough  programme  is  meant  one 
which  will  balance  or  detect  errors:  and  it  is  not  necessary  to  balance 
out  the  same  errors  twice.  Equal  sights  balance  instrumental  constants; 
eccentricities  cannot  be  balanced.  To  repeat  the  sight  with  instru- 
ment inverted  and  reversed  is  simj^ly  to  balance  out  the  constants 
twice,  so  far  as  the  instrument  is  concerned,  and  to  delay  the  progress. 

The  record  given  in  Table  No.  21  shows  that  the  progress,  where 
the  double  readings  were  presumably  taken  by  the  aiithor,  was  about 
25  miles  per  month.  The  last  line  run  under  the  Vicksburg  Engineer 
Office  was  at  the  rate  of  59.3  miles  per  month  in  the  field,  for  a  distance 
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of  222  miles.    The  best  day's  run  was  almost  exactly  10  miles  of  single 
line,  and  the  line  checked  within  the  limit 

5  mm.  y  distance  in  kilometers, 
the  distance  beins;  counted  onlv  in  one  direction.     This  limit  does  not 


very  greatly  exceed  the  3  mm.  V  2  distance  in  kilometers  mentioned 
in  the  pajjer.  A  recomputation  of  the  notes  in  the  office  usually 
changes  the  final  result  less  than  1  mm. 

For  practical  purposes,  the  source  of  error  matters  little  so  long  as 
the  iirogramme  remains  unchanged  by  later  discoveries.  Whether  it 
be  the  settling  of  the  instrument  or  the  change  due  to  alteration  of  the 
temperature  cannot  be  detected  by  any  peculiarity  in  the  movement 
of  the  bubble,  nor  is  there  any  good  to  come  from  defining  refraction 
dififerently  from  the  meaning  accepted  in  physics. 

The  condition  of  the  atmosphere  being  unstable,  of  course,  change 
in  refraction  is  continually  going  on,  and,  by  the  way,  this  change, 
which  is  most  detrimental  to  good  work,  is  usually  most  rajsid  near 
sunrise  and  sunset,  the  very  time  the  author  selects  for  best  results. 

With  a  stable  condition  of  the  atmosphere  the  absolute  temperature 
makes  no  difference,  excejDt  that  cold  weather  is  not  conducive  ta 
comfort,  and  it  is  a  fact  that  some  of  the  best  work  done  under  the 
United  States  Engineer  Office  at  Vicksburg,  Miss.,  was  done  during- 
the  summer  time.  An  attempt  was  made  to  run  at  night,  but  proved 
unsuccessful  because  of  the  difficulty  of  i^roperly  illuminating  the 
rods  and  instruments.  Almost  any  nightwork  is  distasteful  to  the 
men,  and  is  seldom  as  ra^jid  as  day  work. 

The  programme  proposed  by  the  author  varies  very  little  from  ac- 
cepted practice,  and  the  i-eversal  of  the  telescope  and  bubbles  is  hardly 
worth  while.  In  fact,  any  increase  in  the  time  required  to  com^Dlete  a 
set  of  observations  permits  an  increase  in  error  due  to  change  in 
atmospheric  conditions,  and  adds  weakness,  unless  the  gain  in  some 
other  feature  more  than  counterbalances.  Of  course,  it  is  equivalent 
to  repeating  the  observation,  but  it  delays  the  work  and  is  likely  to 
trip  the  recorder.  To  move  the  instrument  before  the  notes  of  observa- 
tion have  been  checked  is  distinctly  a  bad  feature. 

The  refinement  of  subdividing  the  rod  is  probably  most  generally 
detrimental,  for  it  increases  the  blurring  effect  of  any  boiling  of  the 
air.  Possibly  these  fine  divisions  on  the  rod  forced  the  choice  for  best 
running  to  the  time  of  day  when  the  air  is  steady,  even  if  refraction  is 
changing  most  rapidly. 

To  jirescribe  a  j^articular  direction  for  running,  according  to  the 
time  of  day,  having  reference  to  the  light,  jire-supposes  a  constant 
direction  of  the  line,  when  in  fact  the  line  is  seldom  straight.  The 
convention  in  regard  to  signs  for  difference  of  elevation  by  lines  in 
opi^osite  directions  seems  hardly  well  taken.  If  it  is  ujd  in  one  direc- 
tion, it  is  down  in  the  other,  and  the  signs  should  show  actualities. 
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Table  No.  21  i)uiports  to  show  the  acc-uracy  of  Uw  "Principal 
Precise  Level  Work  iu  the  Uuitecl  States,"  aud  gives  results  on  2  048 
km.  by  the  Coast  Survey  and  4403.5  km.  by  various  United  States 
Engineer  Offices,  but  it  seems  a  little  curious  that  it  leaves  out  that 
office  which  has  done  more  precise  level  work  than  any  other  and  about 
seven-ninths  as  much  as  all  other  engineer  offices  combined. 

The  same  thing  has  occiirred  before,  when  an  assistant  engineer 
piiblished  a  list  in  the  annual  report  of  the  Chief  of  Engineers  of  the 
United  States  Army.  The  Engineer  Officer  in  Charge  made  the  amende 
honorable,  however,  when  his  attention  was  called  to  it. 

Perhaps  the  Vicksburg  office,  formerly  under  Major  J.  H.  Willard, 
and  now  under  Major  Thomas  L.  Casey,  does  not  do  "principal" 
precise  level  work,  but  it  is,  nevertheless,  the  only  Engineer  District 
which  is  fully  covered  by  a  system  where  all  the  polygons  are-closed. 
There  are  seven  polygons,  the  perimeters  of  which  vary  from  20  to  294 
km. ,  with  errors  of  closure  from  0. 7  to  101. 6  mm.  Taking  into  account 
the  closures  on  lines  run  by  the  United  States  Coast  Survey,  there  are 
six  other  polygons  with  errors  from  4.1  to  146.8  mm. 

The  size  of  the  polygons,  the  actual  error  of  closure  and  the  error 
in  the  closure,  in  millimeters  per  kilometer,  are  shown  in  Table  No.  26. 

TABLE  No.  26. 


Polygons. 

Nos. 

Perimeters, 
in  kilometers. 

Closure  error, 
in  millimeters. 

Error,  in  millimeters 
per  kilometer. 

Remarks. 

1 

20 
32 
165 
259 
538 
629 
694 
69 
303 
343 
471 
536 
680 

+    0.7 

—  1.5 

—  14.8 

—  27.7 

—  46.0 
+101.6 
--  98.9 
--    4.1 

—  93.5 

—  26.6 
+146.8 
+  45.2 

—  84.1 

0.035 
0.047 
0.079 
0.108 
0.089 
0.161 
0.142 
0.060 
0.308 
0.077 
0.311 
0.084 
0.124 

2 

3 

4 

6 

7 

8 

Closed  on  Coast  Survey. 

9 

10 

11.           .1,           1. 

11 

I.i                     It                      u 

12 

11            11            11 

13 

11            11            11 

It  will  be  noticed  that  the  greatest  actual  error  of  closure  per 
kilometer  is  less  than  the  least  jjrobable  error  per  kilometer  in  the 
work  cited  in  Table  No.  21. 

Of  the  allowable  error,  or  the  limit  of  error  jsermitted,  a  good  deal 
might  be  said,  but  it  is,  after  all,  simply  an  ajjproximate  test  of  the 
accuracy  of  the  work,  and  only  serves  as  a  wax-ning  to  show  that  the 
conditions  will  not  permit  good  results  under  the  usual  programme 
when  it  is  exceeded.  The  proper  form  would  be  an  equation  of  the 
second  degree,  having  the  distance  in  one  term  to  the  first  power  and 
in  another  term  to  the  second  power.     Probably  the  present  form  was 
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[arshall.  worked  out  emiiirically  from  j^ractice  where  the  use  of  the  level  has  got 
beyond  the  experimental  stage. 

The  probable  value  of  two  resiilts  is  the  mean,  and  the  error  prob- 
ably does  not  exceed  half  the  difi'erence  between  the  two  results;  that 
is,  if  the  difference  is  about  the  usual  size  for  that  character  of  work. 
To  compute  the  jirobable  error  by  least  squares  from  two  observations 
is  foolishness;  and  as  the  observations  on  different  lines,  and  even  on 
the  same  line,  are  not  made  under  similar  conditions,  /.  e.,  they  can- 
not be  considered  as  repetitions  of  the  same  observation,  the  probable 
error  by  least  squares  cannot  i^rojierly  be  used  even  for  comjjarison. 

As  said,  the  pa^^er  goes  to  the  full  limit  in  the  matter  of  jirecise 
levels,  but  it  is  to  be  hoj^ed  that  members  of  the  Society  will  under- 
stand that  the  work  is  easy  in  practice.  Almost  perfect  lines  of  levels 
can  be  run  nearly  as  cheaply  as  ordinary  levels  are  now  run,  and,  if  the 
mistake  of  cutting  down  the  limit  too  small  be  not  made,  the  work  can 
be  done  more  rapidly.  All  lines  of  levels  on  permanent  works  would 
be  better  if  run  by  the  precise  level;  lines  on  all  water  courses  should 
certainly  be. 

The  American  instrument  makers  turn  out  a  more  finished  instru- 
ment than  foreign  makers  usually  do,  but  the  Kern  level  is  of  a  good, 
substantial  make,  which  has  stood  the  test  of  time  for  wear  and  good 
work. 

r.  Kastl.  At^xaxdee  E.  Kastl,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer, 
having  been  engaged  on  precise  sjiirit  leveling,  under  the  Corps  of 
Engineers,  U.  S.  Army,  both  as  recorder  and  observer,  has  read  with 
much  interest  this  valuable  paper. 

Eeferring  to  Table  No.  21,  the  writer  wishes  to  call  attention  to 
a  line  of  precise  levels,  not  given  in  the  table,  run  in  connection 
with  the  Red  Eiver  Survey,  in  1889,  1891  and  1892.*  The  line  runs 
from  Delta,  La.  (oiijiosite  Vicksburg,  Miss.),  on  the  Mississijapi  River, 
to  Shrevej^ort,  La.,  on  the  Red  River;  thence  along  the  Red,  Atcha- 
falaya  and  Mississiiijii  Rivers  to  Smithland,  La.,  on  the  Mississippi 
Eiver.  The  length  of  this  line  is  654  km.,  or  406  miles.  In  1880  and 
1881,  the  U.  S.  Coast  and  Geodetic  Sui-vey  had  run  a  line  of  jjrecise 
levels  along  the  Mississippi  River  from  Greenville,  Miss.,  to  New 
Orleans,  La  ,  which  includes  the  Mississipiii  River  from  Delta,  La., 
to  Smithland,  La.  The  length  of  the  Mississippi  River  line  from 
Delta  to  Smithland  is  248.4  km.,  or  154  miles.  The  Red  River  Survey 
levels  started  from  the  U.  S.  Coast  and  Geodetic  Survey  Bench- 
mark No.  215  at  Delta,  with  its  elevation  of  184.084  m.  above  Cairo 
Datum,  and  closed  on  the  U.  S.  Coast  and  Geodetic  Survey  Bench- 
mark No.  XLV  at  Smithland,  with  an  elevation  of  21.U05  m.  above 
Caro  Datum.     The  elevation  of  Bench-mark  No.  XLV,  by  the  U.  S. 

*  Annual  Report  of  the  Chief  of  Engineers.  U.  S.  Army,  Report  of  Captain  J.  H.  WiU- 
ard,  Corps  of  Engineers,  for  1893,  page  1944  et  seq. 
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<^oast    ami    Cieodetic    Survey    is    *20.i)83   ui. ;    that   is,    the    error   of  Mr 
closure  of   the  entire  polygon  or   loop,  Smitbland,    Delta,    Sbreve- 
port  and  back  to  Smitliland,  is  0.022  m.,  being  22  mm.,  or  less  than 
i  in.     The  total  length  of  the  jiolygon  is  902.4  km.,  or  560  miles. 

The    writer   does   not    know   the   probable    error    per    kilometer 


i-m 


for  the  entire  line,  as  on  the  Ked  River  Siii'vey  it  was  not  deemed  of 
sufficient  imi)ortance  to  take  the  time  to  make  the  computations. 
The  writer  ran  the  last  stretch  of  the  Red  River  precise  levels  from 
Grand  Bend,  La  ,  on  the  Red  River,  to  Smithland,  La.,  on  the  Missis- 
sippi River,  a  distance  of  126.2  km.,  or  79  miles.  For  his  own  informa- 
tion he  computed  the  values  of  7*and  r°  for  his  line  of  levels  and  found 
the  probable  error  for  the  12C.2  km.  to  be  rh  12.3  mm.,  or  ±  1.1  mm. 
per  kilometer.  The  writer's  method  of  computing  the  probable  error 
w-as  the  same  as  that  given  by  the  author  on  images  108  and  109. 

In  running  the  Red  River  precise  levels  care  was  taken  to  keep  the 
instrument  closely  adjusted  and  to  keep  the  back  sights  and  fore 
sights  equal.  The  instrument  was  shaded  with  an  umbrella,  and  no 
■work  was  done  from  about  11  a.  m.  to  2  p.  m.,  unless  the  day  was 
cloudy.  The  length  of  sights  was  usually  not  over  100  m.,  except  at 
river  crossings,  where  the  method  of  reciprocal  levelings  was  used. 
The  rod  readings  were  taken  with  the  level  bubble  in  the  center,  tele- 
scope normal  and  level  direct.  Each  stretch  of  levels  w'as  run  in 
duplicate  in  opposite  directions  by  the  same  observer,  and  during  the 
same  forenoon  or  afternoon.  The  level  and  collimation  errors,  although 
small,  were  observed  and  recorded  at  least  at  the  beginning  and  close 
of  each  day's  work  and  sometimes  of  each  half-day's  work.  The  cor- 
rection for  inequality  of  the  pivots  and  the  value  of  one  division  of 
the  level  for  a  distance  of  1  m.  were  determined  at  the  beginning  and 
close  of  the  season's  work.  However,  as  the  instrument  was  kept 
closely  adjusted,  and  the  back  and  fore  sights  kept  equal,  the  correc- 
tions for  the  inequality  of  the  pivots  and  the  level  and  collimation 
errors  were  rarely  used.  Is  is  a  good  plan  to  keep  a  record  of  the 
adjustments.  The  allow^able  limit  of  error  for  each  stretch  was  5  mm. 
V^  distance  m  kilometers,  the  distance  being  the  length  of  the  stretch 
from  one  bench-mark  to  the  next,  and  not  the  length  of  the  loop 
leveled  forward  and  back.  The  instruments  used  were  precise  levels 
and  rods,  manufactured  by  Kern  of  Aarau,  Switzerland,  and  had  been 
used  on  the  U.  S.  Lake  Survey  and  on  the  Mississippi  River  Survey. 

It  would  be  very  interesting  if  the  author  would  give  comparisons 
betw^een  the  lines  of  precise  levels  along  the  St.    Clair  and  Detroit 

*  Report  of  the  Mississippi  River  Commission  for  1884;  or,  Annual  Report  of  the 
Chief  of  Engineers  for  1865,  pages  2076  anJ  2678. 
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\Ir.  Kastl.  Rivers  as  run  under  tlie  U.  S.  Lake  Survey  *  in  1877,  and  as  run  under 
the  U.  S.  Board  of  Engineers  on  Deep  Waterways  in  1898  and  1899. 
The  U.  S.  Lake  Survey  precise  levels  were  about  tl)e  first  of  the  kind 
which  were  run  in  the  United  States,  and  a  comparison  of  results 
between  the  first  and  latest  methods  of  doing  this  class  of  work  would 
be  worthy  of  record, 
r.  Wilson.  Heebekt  M.  Wilson,  M.  Am.  Soc.  C.  E.  (by  letter). — This  exhaustive 
paper  on  precise  sjjii'it  leveling  covers  thoroughly  the  theoretic  con- 
ditions involved  in  the  practice  of  this  class  of  surveying.  It  is  especi- 
ally pleasing  to  the  writer  and  should  be  to  this  Society,  because  it  sub- 
stantiates, theoretically,  the  princii3al  conclusions  brought  out  by  the 
discussion  of  the  paper  entitled,  "  Spirit  Leveling  of  the  United  States 
Geological  Survey."!  Had  Mr.  Molitor  examined  this  paj^er,  he  would 
not  have  stated  that  he  is  unable  to  give  examples  of  speed  or  cost. 
Many  such  are  to  be  readily  obtained  from  a  study  of  the  reports  of 
the  United  States  Engineers,  the  United  States  Coast  and  Geodetic 
Survey  and  the  United  States  Geological  Survey,  and  a  few  are  pub- 
lished in  the  paj^er  above  referred  to. 

The  writer  is  glad  to  see  that  in  this  paper  the  title  "  precise  spirit 
leveling  "  is  used,  thus  bringing  out  clearly  the  fact  tha;t  it  is  spirit 
leveling  by  which  the  most  jDrecise  work  is  done,  and  not  that  variety 
of  leveling  wherein  numerous  instrument  constants  and  corrections  for 
"errors  "  are  aj^plied,  to  the  detriment  of  the  results. 

Mr.  Molitor  jjoints  out  very  cleai'ly  that  "  the  most  perfect  is  not 
necessarily  the  most  complicated  instrument.  On  the  contrary,  sim- 
plicity is  a  prime  necessity  in  the  usefulness  of  a  level."  Elsewhere, 
he  repeats,  in  order  to  point  out  clearly  that  in  his  opinion  the  best 
I'esults  are  to  be  obtained  by  the  simplest  methods  of  running  and  of 
instrument  and  by  the  avoidance  of  those  methods,  jDractieed  in  the 
jjast,  which  require  the  aj^plication  of  corrections  and  constants  to  the 
instrument  and  its  results  before  the  latter  are  available  for  use.  Yet, 
these  admirable  conclusions  have  been  hidden  by  him  under  a  niass  of 
theoretic  discussion  of  errors  and  instrument  constants  and  their  cor- 
rection, which  are  so  voluminously  stated  as  to  befog  the  conclusions 
to  be  drawn.  In  point  of  fact,  scarcely  any  of  the  constant  corrections 
are  to  be  applied  to  the  methods  preferred  by  Mr.  Molitor,  and  few  of 
the  errors  are  not  shown  by  him  to  be  elimiaated  by  the  methods  of  ob- 
servation i^racticed. 

Level. — The  writer  jjartially  agrees  with  Mr.  Molitor  that  the  level 
made  by  Messrs.  Buff  and  Berger  for  Professor  Mendenhall  is  one  of  the 
best  precise  leveling  instruments  ever  made.  Yet  he  speaks  slightingly 
of  the  quality  of  the  level  made  by  the  same  firm  for  the  Geological 
Survey,  when,  in  jjoint  of  fact,   the  differences  between  the  two  are 
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almost  wholly  iu  miuor  points  of  foustriirtiou.  Tliey  diU'or  pronii-  Mr.  Wilsuii. 
neutly  in  but  one  feature — the  omission  of  the  attached  bubble  from 
the  Mendenhall  instrument  and  the  use  of  the  striding  level  alone  on 
that  instrument.  The  writer  is  inclined  to  agree  with  Mr.  Molitor  and 
others  that  the  striding  level  is  theoretically,  and  possibly  practically, 
slightly  jjreferable  to  a  well-made  attached  level.  The  writer  will 
show,  farther  on,  however,  that  it  is  doubtful  if  any  better  results  in 
precise  leveling  have  ever  bean  obtained  than  those  secured  by  the  Bu£F 
and  Berger  level  (Fig.  2,  Plate  III),  and  it  is  not  proven  yet  that 
the  slightly  more  complicated,  improved  Buff  and  Berger  is  superior. 
A  comparison  made  from  Table  No.  1  shows  that  in  most  of  the  essen- 
tials these  two  levels  are  superior  to  the  other  instruments  described. 
After  a  conference  on  the  subject  of  a  new  level  for  the  Geological  Sur- 
vey, the  maker  of  these  two  instruments  was  inclined  to  agree  with  the 
writer  that  it  was  doubtful  whether  the  changes  made  in  the  Menden- 
hall  level  had  not  affected  some  of  its  simplest  and  most  admirable 
qualities  as  a  jjurely  precise  spirit  level.  Mr.  Molitor  makes  a  slight 
mistake  in  stating  that  on  the  Geological  Survey  instrument  6-  and  8- 
second  bubbles  are  used.  In  point  of  fact,  4-  and  8-second  bubbles 
are  used,  though  the  latter  only  under  unusual  conditions;  the  4- 
second  bubble  being  that  which  is  generally  used.  The  new  Coast 
Survey  instrument  should  be  of  superior  make  becatise  of  its  reputed 
great  simplicity. 

Rods. — A  very  shallow  coating  of  paraffine  is  preferable  to  any 
other  treatment,  as  it  will  keeji  oiit  dami^ness,  etc.,  more  effectually 
than  painting,  and  yet  does  not  affect  a  sufficient  amount  of  the 
cross-section  of  the  rod  to  have  an  ajjpreciable  influence  on  its  expan- 
sion. On  this  point,  however,  there  is  much  to  be  learned,  and  rods 
either  treated  as  above,  or  oiled  and  kept  freshly  coated  with  shel- 
lac, or  painted,  as  suggested  by  Mr.  Molitor,  are  probably  equally 
satisfactory. 

The  conclusions  to  be  drawn  from  a  series  of  careful  experimental 
levels  run  and  re-run  last  year  by  the  Geological  Survey  between 
Elmira  and  Corning.  New  York,  with  both  target  and  self-reading  rods 
of  most  approved  patterns,  indicated  that  there  was  little  differ- 
ence in  the  quality  of  the  results  obtained  by  either.  In  the  matter  of 
speed  and  relative  cost  there  was  a  decided  advantage  shown  in  favor 
of  the  target  rod,  and  these  are  points  which  engineers  thoroughly 
apijreciate.  Self-reading  rods  are  slower  than  target  rods,  because 
on  even  moderate  grades  the  length  of  the  sights  must  be  materially 
reduced,  since  only  a  relatively  small  portion  of  the  rod  can  be  seen 
between  the  extreme  of  the  three  wires.  Moreover,  since  it  is  desir- 
able in  such  woi'k  not  to  observe  nearer  the  ground  than  Ih  to  2  ft., 
because  of  refraction,  it  is  apparent  that  only  a  very  short  rod  is  avail- 
able, and  the  lengths  of  sights  and  rate  of  speed  are  correspondingly 
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reduced.  Finally,  the  use  of  self-reading  rods  retards  the  work 
because  of  the  time  required  to  read  and  record  all  these  wires. 

Turning  Points  and  Bencli-Mar'kii.—  The  use  of  pins  for  turning 
points,  in  preference  to  plates,  has,  as  stated  by  Mr.  Molitor,  received 
the  apiDroval  of  nearly  all  precise  levelers.  The  "nTiter,  however,  dis- 
approves of  the  hole  sunk  in  the  foot  of  the  turning  pin  into  which  a 
projection  on  the  foot  of  the  rod  is  placed,  because  of  the  danger  of 
dirt  getting  into  such  a  cavity  and  being  carelessly  left  there,  thus  vit- 
iating the  results.  He  also  disagrees  with  Mr.  Molitor's  recommenda- 
tion for  the  concealment  of  bench-marks.  A  very  wide  experience  with 
these,  in  every  jaart  of  the  United  States,  and  in  the  setting  of  thou- 
sands during  the  past  few  years  by  levelers  for  the  United  States  Geo- 
logical Survey  indicates  that  publicity  is  better,  and  this  is  in 
accordance  with  the  best  European  practice.  The  threat  of  fine,  etc. , 
printed  on  the  Geological  Survey  bench-marks  has  its  effect  in  deter- 
ring many  from  disturbing  them,  though  in  point  of  fact,  as  stated  by 
Mr.  Molitor,  the  conviction  of  a  transgressor  would  be  a  very  difficult 
matter.  However,  bench-mark  tablets  of  large  size  attractively  lab- 
eled and  placed  in  j^rominent  positions  in  public  buildings  or  grounds 
are  decidedly  more  immune  from  injury  than  those  which  are  smaller 
and  concealed — ^this,  chiefly  for  the  reason  that  people  living  in  the  vi- 
cinity are  proud  of  and  become  interested  in  the  public  and  official 
miark  showing  the  height  of  their  locality,  and  would  interrupt  any 
vandal  who  would  attempt  to  injure  the  same.  Moreover,  its  very 
publicity  makes  it  difficult  for  any  one  to  disturb  it  without  detec- 
tion. 

Simplicity  of  Precise  Leveling. — It  is  feared  that  the  imposing  array 
of  mathematical  formulas  and  the  statements  as  to  the  very  high  grade 
of  personal  attainments  necessary  in  precise  levelers  will  deter  civil  en- 
gineers who  have  good  spirit  leveling  to  do  from  attempting  work  of 
this  character.  To  counteract  this  effect  the  writer  insists  that  precise 
spirit  leveling  is  not  at  all  a  complicated  ojseration.  It  difiers  little 
from  ordinary  spirit  leveling  except  in  the  quality  of  instruments  and 
rods  used  and  in  the  jDrecautions  taken  in  their  use.  At  little  expense, 
over  that  incurred  in  the  more  crude  methods  of  spirit  leveling  ordi- 
narily used  on  engineering  work,  leveling  of  the  highest  order  is  pos- 
sible. Nor  are  scientific  attainments  of  a  very  high  order  requisite  in 
the  leveler.  Such  qualifications  as  are  to  be  found  in  well-edvicated 
instrumentmen  of  a  few  years'  experience  with  transit  or  level  will 
generally  suffice.  Although  for  the  best  results  only  the  best  instru- 
ments should  for  safety  be  used,  almost  equally  good  results  are  being 
obtained  daily  over  distances  of  less  than  100  miles,  such  as  engineers 
will  ordinarily  have  to  operate  in,  with  nearly  any  spirit  leveling  in- 
strument of  good  make.  It  is  not  necessary  to  jioint  out  to  engineers 
that  the  ultimate  test  of  the  quality  of  such  work  is  not  in  theoretic 
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ilisi'ussious  of  luiiiutc  errors.  Tlicso  aro  of  value  iu  poiutiuf?  out  ilie  Mr.  \Vi:son. 
uu'thods  to  1)0  usi'd  aud  the  euro  for  the  errors;  hut  the  test  of  the  re- 
sult is  ill  the  error  sliowu  iu  startiug  frcni  a  given  iioiut,  runuiug  50,  or 
1(K),  or  1  000  miles,  and  closing  buck  on  that  point.  No  better  results 
of  this  kind  have  ever  been  obtained  than  those  jji-ocured  under  the  di- 
rection of  Mr.  William  H.  Brown,  Chief  Engineer  of  the  Pennsylvania 
Kailroad,  in  running  precise  levels  Avith  a  first-class  Heller  and  Brightly 
instrument,  or  by  the  United  States  Geological  Survey  with  an  instru- 
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ment  of  which  Mr.  Molitor  says:  "It  is  not  really  a  precise  level,  but 
merely  a  good  common  level."  Yet  with  these  instruments  the  very 
best  attainable  closures  have  been  invariably  procured. 

Unfortunately,  the  writer  is  not  at  this  time  able  to  quote  the  clos- 
ure errors  exactly,  because  the  leveling  parties  are  still  at  work  in  the 
field,  or  because  his  present  duties  render  them  inaccessible;  however, 
in  a  line  1  043  miles  iu  length,  from  the  sea  coast  iu  North  Carolina 
through  Asheville  and  Knoxville  to  Atlanta,  and  back  to  the  sea  coast 
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3lr.  Wilson,  at  Brunswick,  Ga.,  including  the  errors  of  tidal  observations  at  two 
points  on  the  coast,  the  closure  error  was  1.057  ft.,  a  result  within  per- 
missible limits,  when  it  is  remembered  that  the  total  length  of  the  dupli- 
cate line  is  twice  1  043,  or  2  086,  miles,  and  includes  errors  of  two  tide 
gauges.  Equally  good  results  have  been  had  in  closing  a  circuit  of 
780  miles,  half  of  which  consists  of  the  United  States  Engineers'  line 
from  Albany  to  Oswego  and  water  levels  on  Lakes  Ontario  and  Erie  to 
Dunkii-k,  and  the  other  half  of  Geological  Survey  levels  from  Dunkirk 
via  Binghamton  to  Albany,  the  closure  error  being  0.645  ft. 

This  year,  the  Geological  Survey  "common  levels"  have  closed, 
within  0.246  ft.,  a  line  run  from  the  old  United  States  Engineers' 
bench-mark  at  Utica  north  to  Mr.  Molitor's  own  line  for  the  Deep 
Waterways  Commission  at  Fort  Covington.  At  Pittsburg  the  Geolog- 
ical Survey  levels  checked  on  a  bench-mark  of  the  Pennsylvania  Rail- 
road "common  levels "  and  with  a  line  brought  by  the  Geological 
Survey  from  the  Coast  Survey  bench-mark  at  Grafton,  W.  Va.,  to 
Pittsburg.  The  extreme  range  of  closure  M-as  0.368  ft.  in  a  distance  of 
1606  miles.  The  elevation  brought  by  the  Pennsylvania  Railroad 
direct  from  Sandy  Hook  is  738.491  ft.  That  brought  by  the  Coast 
Survey  from  Sandy  Hook  to  Grafton,  and  by  the  Geological  Survey 
thence  to  Pittsburg,  is  738.468  ft.  The  discrei^ancy  between  the  eleva- 
tion brought  by  the  Geological  Survey  from  Lake  Erie,  dependent  on 
the  old  United  States  Engineers'  levels  from  Albany,  and  the  Pennsylr 
vania  Railroad,  in  1  227  miles,  was  0.215  ft.,  accepting  the  jjresent 
height  of  Albany,  or  about  0.4  if  Albany  be  corrected.  At  Harrisburg 
the  closure  error  between  the  Pennsylvania  Railroad,  the  Geological 
Survey  and  the  Coast  Survey  was  0.079  ft.  in  376  miles. 

The  line  just  closed  by  the  Geological  Survey  on  a  Coast  Survey 
bench-mark  at  Poughkeepsie,  from  a  Geological  Survey  bench-mark 
at  Binghamton,  shows  an  error  of  0.607  ft.  This  includes  a  circuit 
from  Poughkeepsie  by  the  Coast  Survey  to  Albany,  thence  a  mean  of 
United  States  Engineers'  and  Geological  Survey  levels  via  Dunkirk  to 
Binghamton.  This  closure  goes  to  show  that  the  revised  Grist-mill 
bench-mark  at  Albany,  characterized  in  the  writer's  j^ajjer  of  1898,* 
is  still  in  error  by  about  half  a  foot,  since  the  application  of  the  closure 
error  just  obtained  to  results  had  through  Harrisburg  and  through 
Pittsburg  improves  the  closure  at  those  and  at  other  points  made  by 
lines  bi'ought  from  Albany  and  from  other  directions.  Thus  applying 
it,  it  makes  a  line  to  Harrisburg  from  Elmira  and  Albany  close  with 
the  Pennsylvania  Railroad  0. 044  ft.  low. 

The  writer  desires  to  emphasize  Mr.  Molitor's  statements  about 
heat  effects  on  the  instrument',  as  he  fully  agrees  with  him  that  jsracti- 
cally  all  the  errors  which  cannot  be  eliminated  in  the  instrument  and 
in  the  running  are  those  due  to  changes  of  temperature.     Therefore, 
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to  do  earoful  work  of  this  kiuil,  overv  elVort  must  lie  made  to  minimize  Mr.  Wilson, 
heat  effects,  aud  uuo  of  the  essentials  is  that  the  instrument  shall  lie 
at  all  times  shaded  from  the  rays  of  the  sun.  Even  in  ordinary  level- 
ing the  bubble  can  be  so  much  more  quickly  brought  to  center  when 
the  instrument  is  shaded,  and  the  i-esults  will  be  so  much  more  trust- 
worthy, that  the  cost  of  an  umbrellaman  will  practically  be  saved  in 
a  short  time. 

The  members  of  this  Society  will  be  interested  to  know  that,  as  a 
result  of  the  writer's  paper  on  leveling,*  he  has  the  personal  statement 
of  the  Superintendent  of  the  United  States  Coast  Survey,  Professor  H. 
S.  Pritchett,  that  the  Coast  Survey  is  indebted  to  that  article  and  its 
discussion  for  its  clear  proof  of  the  necessity  of  a  revision  in  their 
methods  of  precise  leveling.  That  Bureau  discarded  in  1899  the  in- 
struments aud  methods  theretofore  used,  and  is  now  using  a  new  iu- 
striiment  made  by  it  which  is  similar  to  but  even  simpler  than  the 
Kern  and  the  Buflf  and  Berger  levels.  The  chief  point  brought  out,  as 
a  result  of  the  conference  of  experts  which  recommended  the  changes, 
was  that  the  largest  source  of  error  was  due  to  temperature  and  the 
expansion  of  metal  in  the  instruments;  and  that,  therefore,  any  attempt 
to  introduce  instrumental  constants,  as  had  been  done  in  the  past,  was 
erroneous  because  of  the  uncertainty  of  the  coefficient  of  expansion 
and  its  effects  on  the  parts  of  the  instrument.  This  alone  is  a  striking 
argument  for  the  use  of  the  simplest  instrument  and  the  simplest 
methods,  without  the  application  of  corrections  for  so-called  instru- 
ment constants. 

The  members  of  this  Society  will  be  interested  to  know  that  now 
nearly  the  entire  eastern  half  of  the  United  States  is  thoroughly  grid- 
ironed  by  lines  of  jorecise  levels.  It  is  scarcely  necessary  to  go  more 
than  100  miles  in  any  direction  to  get  a  bench-mark  which  is  connected 
directly  with  sea  level  by -precise  levels.  For  the  benefit  of  those  who 
are  interested  in  the  use  of  such  results  there  is  published  herewith 
an  outline  map.  Fig.  18,  showing  the  distribution  of  such  level  lines. 
In  many  places  there  are  adjusted  between  them  other  lines  of  levels 
derived  from  numerous  reliable  sources.  The  completeness  of  the 
precise  level  net  in  New  York  and  Pennsylvania  attests  the  progress 
being  made  in  the  co-operative  topographic  surveys  of  those  states. 
Descriptions  and  elevations  of  all  precise. bench-marks  can  be  procured 
by  addressing  the  United  States  Geological  Survey  or  the  United 
States  Coast  and  Geodetic  Survey  Offices. 

E.  G.  FiscHER,t  Esq.  (by  letter). — The  writer,  being  an  instrument  Mr.  Fischer 
maker,  was  particularly  imi3ressed  by  those  portions  of  this  interest- 
ing paper  which  treat  of  the  form  and  material  of  the  various  precise 
levels  and  level  rods.     Having  had  charge  of  the  construction  of  the 
instrument  described  therein  under  "  d,"  page  10,  also  of  the  design 
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Mr.  Fischer,  for  a  reconstriiction  of  that  instrument,  and  the  design  and  construc- 
tion of  a  new  one  which  has  been  in  use  during  the  past  season,  the 
writer  feels  that  he  may  add  to  the  interest  in  the  subject  of  precise 
leveling  by  a  description  of  an  instrument  and  rod  designed  and  con- 
structed since  any  of  those  described  by  the  author.  A  few  remarks 
are  added  in  regard  to  the  instrument  selected  by  the  author  as  "  the 
most  jjerfect  precise  level  yet  i^roduced. " 

It  should  be  said  here  that  the  difficulty  between  the  engineer  and 
the  "  peculiarly  obstinate  "  instrument  maker  did  not  prevail  in  the 
planning  of  what  may  be  called  the  Coast  and  Geodetic  Survey  1900 
Precise  Level.  The  engineer  designated  the  method  and  the  principal 
features  required  to  satisfy  it,  and  the  instrument  maker  made  the 
design  which  was  approved  by  the  engineer. 

The  method  of  observation  adopted  in  the  Coast  and  Geodetic  Sur- 
vey obviates  the  use  of  a  revolving  telescope  and  a  reversible  stride 
level.  As  will  be  seen  in  Figs.  1  and  2,  Plate  IV,  the  advantages 
arising  from  this  fact  have  been  utilized  by  mounting  the  level  directly 
upon  the  telescope.  By  making  the  support  for  the  telescoj^e  cylin- 
drical, it  was  not  only  given  the  strongest  and  lightest  form,  but  it 
could  be  made  to  serve  at  the  same  time  as  a  isrotection  to  the  level. 
The  whole  thus  offers  perhaps  a  minimum  of  surface  to  wind  pressure, 
and  is  less  readily  affected  by  temperature  changes. 

Considering  the  minuteness  of  the  quantities  jDrodueing  what  are 
called  cumulative  errors,  so  minute  that  a  most  sensitive  level  is  re- 
quired to  indicate  them,  the  aims  in  designing  the  new  j^recise  level 
were  to  select  the  material  with  a  view  to  the  smallnessof  its  expansion 
coefficient,  to  protect  the  vital  parts  against  sudden  and  unequal 
changes  of  temperature,  to  reduce  to  the  smallest  possible  dimension 
the  linear  distance  between  level  vial  and  line  of  collimation,  to  en- 
sure stability  by  reducing  the  distance  between  the  center  of  gravity 
and  the  plane  of  support,  and  to  enable  the  observer  to  obtain  the  rod 
reading,  as  nearly  as  possible,  simultaneously  with  the  setting  of  the 
level. 

The  material  selected  was  the  same  as  that  which  had  been  used  in  the 
reconstruction  of  the  older  instruments  of  the  Coast  and  Geodetic  Sur- 
vey in  the  spring  of  1899.  The  nickel-steel  alloys,  brought  out  by  Pro- 
fessor Giiillaume  of  the  International  Bureau  of  Standard  Weights  and 
Measures,  had  attracted  considerable  attention  by  reason  of  their  low 
expansion  coefficients  (down  to  0.000001  per  degree  Centigrade).  In- 
quiry established  the  fact  that  tubing  and  castings,  almost  indisjiensa- 
ble  in  the  construction  of  instruments,  could  not  be  obtained,  because 
attempts  to  produce  them  had  not  been  successful.  The  writer,  there- 
fore, secured  the.  co-operation  of  a  brass  founder,  and  after  a  number 
of  trials  succeeded  in  obtaining  an  alloy  with  a  coefficient  of  0.000004, 
which  could  readily  be  cast  into  suitable  shapes.     It  is  composed  of  66 
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Fischer,  parts  of  a  soft  grade  of  cast  iron  and  34  parts  of  grain  nickel.  This  is 
a  metal  almost  proof  against  corrosion,  thougli  not  better,  as  far  as 
strength  is  concerned,  than  cast  iron.  A  peculiar  property  is  the  readi- 
ness -with  which  it  takes  polish  and  the  smoothness  with  w^hichit  wears 
against  itself  even  under  considerable  pressure.  The  nickel-iron  draw 
tubes  of  the  three  reconstructed  instruments,  though  moving  in  bear- 
ings of  the  same  metal,  do  not  show  the  slightest  wear  or  looseness, 
though  thev  have  been  used  in  running  200,  300  and  600  miles  of  double 
lines  of  leveling,  respectively.  This  alloy,  haviag  proven  its  worth  by 
a  considerable  improvement  in  the  results  obtained  during  the  season  of 
1899,  was  also  used  in  the  construction  of  the  1900  levels  of  the  United 
States  Coast  and  Geodetic  Survey,  Nos.  7  and  8.  The  telescopes  were 
cast  with  objective  head  and  draw-tube  bearings  complete,  with  the 
aid  of  cores,  as  were  also  the  tubes  surrounding  the  telescopes,  while 
the  draw  tubes  and  level  tubes  were  cast  solid  and  bored  out.  The 
screws  which  pivot  the  telescope,  adjust  the  position  of  the  level  vial 
and  the  disc  carrying  the  spider  threads,  and  the  leveling  screw, 
are  made  of  nickel-steel  with  a  co-efficient  of  0.000001,  obtained  from 
the  firm*  jDroducing  Professor  Guillaume's  nickel-steel  alloys.  As 
will  be  seen  from  Fig.  20,  the  telescope  tube  is  cut  open  to  admit 
of  the  level  tube  being  placed  as  near  to  its  axis  as  the  cone  of 
rays  formed  by  the  aj^ertures  of  the  objective  and  reticule  will  per- 
mit. The  outer  cylinder  supports  the  telescope  by  means  of  the 
pivot  screws  shown  in  Fig.  19,  the  points  of  which  enter  at  a  place 
reinforced  by  a  ring  forming  also  a  diajihragm;  and  the  micrometer 
screw,  the  end  of  which  carries  a  glass-hard  steel  tijD  upon  which 
rests  the  telescope,  which  is  provided  with  a  small  plate  of  glass- 
hai"d  steel  at  the  point  of  contact.  A  white  celluloid  head,  graduated 
to  100  isarts,  and  an  index,  serve  to  obtain  quickly  the  horizon  setting 
when  i^lacing  the  instrument.  The  pitch  of  the  screw  being  about  39 
threads  per  millimeter  (100  per  inch),  gives  a  value  of  about  2.6  seconds 
per  division. 

The  telescope  has  a  vertical  motion  of  about  2  mm.  above  and  below 
the  horizontal  jDosition.  Just  back  of  the  micrometer  screw  is  fastened 
to  the  outer  tube  a  small  eccentric  with  a  lever  handle,  by  means  of 
which  the  telescope  can  be  lifted  off  the  screw  and  jsressed  against  a 
spring  above,  to  prevent  jarring  and  disturbing  the  level  adjustment 
while  caiTying  the  instrument  from  station  to  station.  This  device 
is  not  shown  in  the  diagram,  but  can  be  seen  on  one  of  the  photo- 
graphs. The  necessary  openings  between  the  telesco^^e  and  the  ends 
of  the  outer  tube  are  closed  by  leather  cones  which  effectually  shut  out 
dust  and  air  currents,  without  in  the  slightest  degi-ee  influencing  the 
freedom  of  the  telescope  to  assume  the  position  determined  by  pivots  and 
micrometer  screw.    The  level  tube  holds  the  vial  by  six  points  of  metallic 

*  The  Soci6t6  Anonjmie  de  Commentry-Fourchambault,  16  Place  Vendome,  Paris. 
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Fig.  1.— The  Coast  and  Geodetic  Survey  Level  of  1900. 


Fig.  2.— The  Coast  asu  Geodetic  Scrvey  Level  of  1000. 


il 


DISCUSSION    ON    I'RI'.CISE    Sl-IKIT   LEVELING. 


131 


contact,  three  at  each  cud,  120"'  apart,  the  two  h)\ver  ones  being  formed  Mr.  Fisclx 
by  the  ends  of  screws  piercing  the  tube,  the  upijcr  one  by  a  metal  tip 
at  the  end  of  a  tlat  spring  fastened  to  the  tube  itself.  The  vial  is  con- 
fined longitudinally  by  cork  rings,  which,  however,  leave  a  clearance 
of  aboiit  A  mm.  The  level  tube  is  fastened  to  the  telescope  at  the  end 
nearest  to  the  ocular  by  means  of  a  square-headed  vertical  adjusting 
screw  of  about  27  threads  per  centimeter,  working  against  two  very 
strong  helical  steel  springs,  and  moved  by  a  socket  wrench  with  long 
lever  arms,  enabling  the  observer  to  make  very  delicate  adjustments 
with  ease.  A  turn  or  two  of  a  small  milled-head  screw  jjermits  the 
glass  cover  over  the  oblong  opening  in  the  outer  tube  to  be  slipped 
back  sufficiently  for  the  admittance  of  the  wrench.  At  the  other  end 
the  tube  is  held  by  a  clamping  screw  and  two  opposing  screws  for 
adjiisting  the  level  vial  laterally. 

Two  slightly  enlarged  portions  of  the  telescope  tube,  which  are 
indicated  in  Fig.  20,  but  hidden  under  the  leather  cones  in  the  photo- 
graphic views,  are  turned  to 
equal  diameters,  and  as  nearly 
as  possible  co-axial  with  the 
objective  head  and  draw-tube 
bearings.  By  means  of  these 
collars,  and  suitable  shoj)  contri- 
vances, the  intersection  of  the 
vertical  spider  thread  and  middle 
horizontal  thread  is  adjusted  to 
fall  in  the  geometric  axis  of  the 
telescope,  thus  avoiding  errors 
due  to  divergence  between  the 
line    of    sight   and    the    line    of 

motion  of  the   draw  tube.     The  Fig.  22. 

level  vial  is  also  placed  parallel  to  the  line  of  sight  in  the  shop,  before 
the  instrument  is  finally  put  together.  The  objective  has  a  focal 
length  of  41  cm.  and  a  clear  aperture  of  4.2  cm.  Two  Steinheil  eye- 
pieces, of  9.5  mm.  (|  in.)  and  12.5  mm.  (5  in.)  equivalent  focus,  are 
provided,  having  magnifying  powers  of  43  and  32  diameters,  respect- 
ively. The  system  of  spider  threads  consists  of  one  vertical  and 
three  horizontal  lines.  The  upper  and  lower  horizontal  threads  were 
placed  to  embrace  a  space  of  30  cm.  at  a  distance  of  100  m.,  as 
requested  by  the  engineer. 

The  outer  tube  and  the  telescope  and  level  tube  are  covered  with  a 
substantial  coating  of  cloth  dust,  to  protect  them  against  sudden 
changes  of  temj^erature. 

The  level-reading  device  (Figs.  21  and  22),  is  a  modification  of  that 
made  by  Berthelemy  (Fig.  2,  Plate  II),  and  was  first  applied  to  the 
three  Coast  and  Geodetic  Survey  instruments  when  remodeled  in  the 
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Mr.  Fischer,  earlv  part  of  1899  (Figs.  1  and  2,  Plate  V).  The  same  device  was 
adopted  for  the  new  instruments  where  it  could  be  apjilied  in  a  more 
compact  form.  The  diflference  between  the  French  device  and  its 
modification  is  readily  apjjarent  from  the  illustrations.  The  large  and 
weighty  mechanism  has  been  reduced  and  placed  near  the  base  of  the 
instrument,  and,  what  is  considered  the  most  important  change,  the 
eye  tube  has  been  placed  at  binocular  distance  from  the  eyepiece  of 
the  telescope,  enabling  the  observer  to  control  both  rod  and  level 
bubble  as  nearly  simultaneously  as  his  ability  to  change  mental 
attention  from  one  image  to  the  other  will  jDermit.  The  distance 
between  the  axes  of  the  telescope  and  level-reading  tube  can  be 
adjusted  to  suit  the  individual  observer.  The  images  of  the  ends  of 
the  bubble  and  the  scale  divisions  in  their  vicinity  are  reflected  by 
the  mirror  above  the  opening  of  the  outer  tube  into  two  prisms  and 
are  by  them  reflected,  in  a  direction  parallel  to  the  telescope,  into  the 
observer's  eye.  The  prisms  have  curved  sui'faces,  and,  together  with 
a  lens  mounted  between  them  and  the  eye  end,  reduce  the  distances 
between  the  ends  of  the  bubble  and  the 
eye   to   the   normal   distance   of    distinct  h^--?^ 

vision.  The  cap  forming  the  eye  end  is 
arranged  to  hold  such  a  lens  as  an  indi- 
vidual observer  may  need,  to  adapt  the 
normal  distance  to  an  abnormal  eye.  The 
means  of  keejaing  the  prisms  adjusted 
symmetrically  to  the  ends  of  the  bubble 
are  illustrated  in  Fig.  22.  They  are  much 
simjiler  than  those  in  the  French  instru- 
ment, in  which  racks  and  pinions  are  used. 

The  level  vials  are  graduated  to  2-mm. 
spaces,  and  have  values  of  somewhat  less  than  2  seconds  per  space. 
A  small  universal  level  with  45°  reflector  aids  in  quickly  placing  the 
iastmment  in  oj)erating  position. 

The  centers  are  of  the  single-cone  type,  and  are  made  of  the  hardest 
and  toughest  steel  (Sanderson's  Tool  Steel  No.  6),  and  fit  closely  into 
the  tripod  socket,  which  is  made  of  a  hard  and  fine-grained  cast  iron, 
furnished  by  the  Brown  and  Sharpe  Manufacturing  Comj^any.  The 
distance  from  the  line  of  collimation  to  the  jilane  of  support  was 
reduced  from  17.7  cm.  in  the  old  instrument  to  10.9  cm.  in  the  new, 
while  the  length  of  the  center  was  increased  from  7.3  to  10.0  cm. 
The  radial  distance  of  the  foot  screw  is  9.0  cm. 

The  device  for  clamping  the  instrument  to  the  tripod  head  for 
carrying  from  station  to  station  is  arranged  so  that  the  former  cannot 
rest  upon  the  latter  unless  the  large  clamji  screw  under  the  trijiod 
head  is  screwed  home,  that  is,  the  observer  when  mounting  the  instru- 
ment upon  the  tripod  for  the  day's  work,  cannot  forget  to  secure  it  so 
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Fig.  1.— The  Coast  akd  Geodetic  Survey  Level  of  1899. 


Fig.  2.— The  Coast  and  Geodetic  Survey  Level  of  1899. 
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that  the  whole  may  be  pit^ked  up   and  carried  without  accident.     The  Mr.  Fi8che». 
weight  of  the  instrument  is  5.2  and  that  of  the  stand  7.2  kgr. 

The  writer  feels  seriously  the  weakness  of  the  described  instrument 
due  to  the  loose  texture  of  the  alloy  used  for  the  telescope,  level, 
draw  and  outer  tubes,  which  would  cause  the  instrument  to  suffer 
materially  in  an  accident  that  would  but  slightly  disarrange  an 
instrument  constructed  of  wrought  metal;  but  the  love  and  esteem  it 
has  won  for  itself  from  the  user  during  the  past  season  aids,  to  some 
extent  at  least,  in  shielding  it  against  mishaps. 

With  the  aid  of  the  several  photographs.  Figs.  1,  2  and  3,  Plate  VI, 
and  Fig.  23,  there  will  be  no  difficulty  iu  forming  a  clear  conception 
of  the  level  rod  used  duriug  the  seasons  1899  and  1900  iu  the  Coast 
and  Geodetic  Survey.  As  will  be  seen  from  Fig.  23,  the  cross- 
section  is  symmetrical  with  refer- 
ence to  a  central  veitical  line.  A 
broad  strip,  carrying  the  gradua- 
tion on  one  edge,  is  iJro^"ided 
with  two  side  ribs,  forming  with 
it  a  cross.  The  center 
foot,  made  of  the  hardest  bell 
metal,  is  placed  in  the  plane  of 
the  graduated  face  of  the  rod 
and  is  spherical,  with  a  radius 
of  2.6  cm.  For  control  of  the 
length  of  the  rod,  silver-faced 
plugs  of  6  mm.  diameter  are 
inserted  at  the  first  decimeter 
above  the  foot,  and  at  the  11,  21 
and  31-dcm.  marks  above  it,  fine 
lines  across  them  forming  part 
of  the  graduation.  Frequent 
measurements  with  the  same  steel 
taj)e  during  the  season's  work 
enable    the     observer     to     keep 

informed    as     to     any     changes  ^^^-  ^*' 

taking  place  in  the  field  and  at  what  time  they  take  place.  The  material 
from  which  these  rods  are  made  was  treated  with  paraffine,  but 
under  considerably  lower  temperature  than  those  mentioned  by  the 
author,  so  that  the  life  of  the  wood,  which  is  pine  of  a  very  light 
weight,  is  not  appreciably  impaired.  The  treatment  was  changed 
after  the  construction  of  the  first  pair  of  rods  referred  to  in  the 
paper,  so'  that,  although  the  paraffine  was  made  to  penetrate  to  the 
center  of  the  strijjs  of  wood,  allbut  about  19^!^^  was  driven  out  again 
before  allowing  them  to  cool. 

The  author's  statement  that  the  coefficient  of  expansion  of  wood  is 
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Mr.  Fischer,  increased  by  about  50"^,  according  to  determinations  of  the  Coast 
and  Geodetic  Survey,  must  be  based  upon  some  mistake,  since  careful 
measurements  gave  a  coefficient  of  C. 000304:2,  while  that  of  untreated 
pine  is  usually  given  as  0.000004  (see  page  51). 

The  handle,  universal  level  and  thermometer  are  shown  in  Fig.  3, 
Plate  YI.  The  latter  has  a  bent  bulb  which  rests  in  the  center  of  the 
cross-section  and  is  surrounded  by  sawdust  made  of  paraflBned  wood; 
the  view  shows  the  wooden  protecting  shield  raised  for  reading  the 
temperature.  The  weight  of  the  rod,  obtained  from  weighing  two  of 
them,  is  4.7  kgr. 

Fig.  24  is  a  plan  and  section  of  the  foot-plate.  It  is  made  of  cast 
iron  and  the  sj^herical  cavity  is  turned  to  a  radius  of  3.6  cm.,  which  is 
biit  little  greater  than  that  of  the  foot  of  the  rod. 

While,  after  all  that  may  be  said  for  or  against  the  form  and  ma- 
terial of  an  instrument,  the  final  test  lies  in  the  results  obtained  with 
it;  and  while  the  results  obtained  with  the  one  selected  by  the 
author  as  the  best  may  be  better  or  worse  than  those  secured  with  the 
one  here  described  and  others  described  in  his  paper,  a  matter  which 
is  left  for  the  engineer  and  computer  to  decide,  the  writer  cannot  help 
but  ask  what  particular  features  in  the  Bufi'  and  Berger  level,  No.  2768 
decided  the  author  to  select  it  from  the  rest  of  those  he  described.  Its 
optical  power  is  superior  to  that  of  any  of  the  others;  that  of  the  Swiss 
level,  though  equal  to  it  in  diameters,  is  yet  inferior  by  reason  of  its 
shorter  focal  length.  The  telescope  is  mounted  nearer  to  the  top  of 
the  vertical  axis  than  in  any  of  the  other  instruments,  and  the  distance 
between  level  and  line  of  collimation  is  apparently  smaller  than  in  any 
of  the  others  except  the  Swiss  level.  These  are  points  in  its  favor. 
But,  on  the  other  hand,  would  it  not  be  a  better  instrument  if  it  were 
not  for  the  tall  mirror  audits  supports,  mounted  where  the  wind  must 
be  most  effective  and  forbid  its  use  when  another  would  be  compara- 
tively steady?  Should  not  the  level  vial  be  jDrotected  f rom  currents  of 
air?  The  writer  has  observed,  in  an  instrument  mounted  on  a  heavy 
stone  pier,  fluctuations  of  the  level  amounting  to  1  to  2  divisions,  in 
precise  coincidence  with  pufls  of  wind  too  gentle  to  have  caused  the 
naovements  of  the  bubble  by  any  other  than  temperature  effects.  Such 
air  currents  or  puffs  of  wind  would  very  likely  attack  also  the  upper 
half  of  the  portion  of  the  telescope  shielded  below  by  the  cradle,  and 
cause  temporary  warj^ing  of  the  line  of  collimation  in  a  vertical  direc- 
tion which  would  not  be  controlled  by  the  level. 

The  mounting  of  the  micrometer  screw  at  the  end  of  a  long  horn 
extending  out  from  the  cradle  support,  to  make  contact  with  a  similar 
one  attached  to  the  cradle,  seems  a  large  price  to  pay  for  the  unim- 
portant advantage  of  having  the  cradle  swiveled  in  the  center  of  the 
instrument.  It  admits  of  disturbances  due  to  temperature  effects  and 
adds  considerably  to  the  already  large  area  of  surface  exposed  to  wind 
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pressure.  Tho  use  of  brass  for  the  telescope  ami  other  i)arts  of  the  in-  Mr.  Fischer, 
strumeut,  with  its  high  teiii})erature  eoeliioieut  of  0.000018,  and 
espeeuilly  the  use  of  steel  collars  on  a  brass  telescope  tube,  seems  to 
the  writer  contrary  to  good  jirinciples  in  designing  an  apparatus  for 
such  delicate  uses  as  those  of  a  precise  level.  In  the  case  of  astrono- 
mical trausits,  meridian  circles  and  other  instruments  of  the  highest 
order,  where  the  control  of  the  pivot  axes  by  a  striding  level  is  of  the 
greatest  importance,  it  has  been  held  for  many  years  that,  iu  order  to 
preserve  the  true  figure  and  equality  of  the  cylinders  forming  the 
pivots,  they  should  be  supported  in  material  which  will  itself  yield  and 
wear  rather  than  cause  their  deformation.  This  was  not  regarded  in 
the  design  of  the  author's  favorite  level,  in  which  the  steel  collars  of 
the  telescojae  rest  upon  agate  points,  which  must  certainly  indent  them 
after  but  little  use.  Why  not  have  had  the  collars  rest  across  the 
whole  width  of  bearings  made  of  softer  material  than  hardened  steel? 
The  author's  statement  that  the  four  contact  points  of  the  cradle  wyes 
should  not  lie  in  the  same  circles  as  those  of  the  striding  level  would 
not  be  necessary  if  grooves  were  not  worn  in  the  collars.  In  the 
writer's  opinion,  ideal  conditions  can  be  reached  more  nearly  by 
providing  line  contacts  with  wyes  of  some  material  wearing  more 
quickly  than  that  of  the  collars;  in  a  very  short  time,  really  before  the 
instrument  goes  to  the  field,  these  lines  are  worn  into  narrow  cylindri- 
cal surfaces ;  if  the  wyes  of  the  stride  level  are  fitted  in  the  same  manner 
its  readings  can  be  relied  upon  for  indicating  the  direction  of  the  line 
of  sight  and  ineqiiality  of  collars,  provided,  of  course,  that  longitudinal 
motion  is  prevented.  The  writer  cannot  admit  that  mounting  the 
level  vial  in  its  supijort  by  a  strij)  of  blottingpajDer  or  cork  will  secure 
the  extreme  stability  in  the  make-up  of  a  precise  level.  For  the  past 
twelve  years  all  level  vials,  except  the  very  smallest,  of  the  instruments 
belonging  to  and  made  for  the  Coast  and  Geodetic  Survey,  have  been 
mounted  in  the  manner  above  described,  that  is,  in  metallic  supports, 
free  to  follow  temperature  changes  and  free  from  efi'ects  due  to  swell- 
ing or  shrinking  of  cork,  pajjer,  wood,  etc. 

John  F.  Hayfoed,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  Mr.  Hayford. 
author's  treatment  of  the  subject  of  precise  leveling  has  been  read 
with  interest,  because  it  is  evidently  a  serious  attempt  to  solve  a 
problem  to  which  the  writer  has  devoted  much  time  diiring  the  last 
two  years.  The  writer  finds  that  he  must  dissent  from  several  of  the 
main  points  reached  in  the  paper,  as  well  as  from  many  of  the  minor 
13oints.  In  expressing  that  dissent  fully  there  is  no  intention  of 
reflecting  on  the  author's  intellectual  honesty,  his  ability,  or  his  sin- 
cerity of  purpose.  The  writer  must  express  here  his  confidence  in  the 
high  degree  of  accuracy  attained  in  the  two  precise  level  lines  run  by 
the  author.  In  the  expressions  of  dissent  in  this  disciission  an  attempt 
has  been  made  to  avoid  making  merelv  a  statement  of  difference  of 
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Mr.  Hayford.  opinion,  thus  leaving  the  reader  to  decide  between  opposing  opinions 
without  an  adequate  basis  for  his  decision,  and  to  state  as  fully  as  is 
possible  in  a  discussion  of  readable  length  the  points  wherein  the  writer 
believes  that  the  author's  conclusions  rest  upon  an  insufficient  basis,  or 
wherein  the  foundation  for  an  opposing  opinion  is  more  substantial. 

The  paper  is  very  largely  an  advocacy  of  a  certain  instrument  and 
a  certain  method  of  observation,  together  with  a  statement  of  the 
reasons  for  believing  in  such  an  instrument  and  method.  It  haj^ijens 
that  another  instrument  and  another  method  embody  the  views  of  the 
writer.  It  has,  therefore,  seemed  that  the  best  form  for  this  discussion 
is  to  first  describe  the  writer's  favorite  instrument  and  method,  and 
to  call  especial  attention  to  the  most  imj^ortant  points  in  which  they 
difier  from  those  of  the  author;  to  set  forth  in  brief  the  considerations 
which  led  to  the  adoption  of  this  particular  instrument  and  method 
for  use  in  the  Coast  and  Geodetic  Survey;  then  to  call  attention 
specifically  to  certain  points  in  the  paper;  and  to  close,  as  the  author 
has  done,  with  a  statement  of  the  speed  and  cost  of  leveling. 

Coast  and  (jreodetic  Surrey  Level  of  1900. — As  this  instrument^ 
together  with  the  rods  used  with  it,  has  already  been  fully  described 
by  Mr.  E.  G.  Fischer,  the  designer  of  the  instrument,  it  will  suffice 
here  to  call  attention  anew  to  three  main  points. 

1st.  The  instrument  is  irreversible,  and  as  simple  as  possible.  It 
will  be  seen  later  that  this  principle  is  couiiled  with  the  simplest  pos- 
sible programme  of  observation. 

2d.  Great  care  has  been  taken  to  prevent  errors  due  to  changes  in 
the  relative  temperature  of  the  diff'erent  parts  of  the  instrument. 

3d.  A  device  for  reading  the  bubble  has  been  supi^lied  which 
enables  the  observer  to  stand  erect  at  all  times  and  see  the  bubble  and 
the  rod  alternately  and  in  quick  succession,  without  moving  the  eye- 
balls, and  without  even  refocusing  the  eye,  the  only  change  required 
being  in  fact  a  mere  shifting  of  the  attention  from  one  eye  to  the  other. 

This  instrument,  put  into  use  in  1900  in  the  Coast  and  Geodetic 
Survey,  is  radically  different  from  the  instrument  used  in  the  same 
organization  previous  to  1899,  Fig.  1,  Plate  III.  The  1900  instru- 
ment was  preceded  in  1899  by  an  intermediate  type,  illustrated  on 
Plate  IV.  The  1899  type  was  produced  by  modifying  the  instru- 
ment, Fig.  1,  Plate  III,  by  redesigning  the  striding  level  in  such 
a  way  as  to  bring  the  level  vial  and  the  line  of  collimation  of  the  tele- 
scope much  nearer  together;  by  constructing  the  telescope  barrel, 
including  the  collars  and  the  i^rincipal  metallic  parts  of  the  striding 
level  of  a  nickel- iron  alloy,  having  a  low  coefficient  of  expansion, 
about  the  same  as  that  of  jiine;  and  by  providing  a  device  for  reading 
the  bubble  similar  to  that  described  fully  by  Mr.  Fischer  in  connec- 
tion with  the  1900  level. 

Though  it  was  possible  to  reverse  the  telescope  of  the  1899  level 
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ftbout  its  axis  of  ti^'ure,  aud  to  reverse  the  stridinpr  level,  such  reversals  Mr.  Hayford. 
were  not  actually  made  during  the  course  of  the  regiilar  leveling 
obsers-ations,  but  only  when  determining  instrumental  constants. 
Hence,  when  the  non-reversing  method  of  observation  had,  duiing  the 
■working  season  of  1899,  been  found  thoroughly  satisfactory  in  every 
respect,  it  was  but  a  logical  stejj,  in  designing  the  new  instrument,  to 
make  it  irreversible,  and,  in  doing  so,  to  insure  greater  stability  in  the 
relative  positions  of  its  i^arts  and  to  make  its  manii)ulation  easier  and 
quicker. 

Aside  from  the  advantages  which  may  be  claimed  for  the  1900  Coast 
and  Geodetic  Survey  instrument  over  the  Mendenhall  instrument, 
which  is  the  author's  favorite — and  also  over  the  Kern  instruments, 
which  have  been  used  extensively  under  the  U.  S.  Corjis  of  Engineers — 
which  have  already  been  mentioned  aud  which  imply  an  instrument 
maker's  or  office  point  of  view,  the  following  j^oints  will  be  especially 
appreciated  by  the  observer  in  the  field.  The  quotation  is  from  an 
observer*  who  has  probably  run  more  miles  of  precise  leveling  than 
any  other  man  in  the  United  States,  and  whose  work  has  been  subjected 
to  very  severe  tests  by  being  involved  in  many  cii'cuits  and  has  been 
uniformly  found  to  be  of  the  highest  degree  of  accuracy.  This  observer 
used  a  Kern  level  until  1899. 

"The  1900  instrument  is  a  great  success.  In  using  it  there  need 
be  no  fear  of  the  effects  of  dirt  or  dust,  theY's  having  been  eliminated; 
no  fear  that  the  level  does  not  '  set  right,'  as  there  is  -with  other  instru- 
ments; no  fear  that  the  wind  will  tilt  the  striding  level  a  little  between 
back  sights  and  fore  sights  and  so  change  the  inchnation;  no  fear  that 
the  collars  may  have  needed  wiping;  and  no  fear  that  an  ill-directed 
motion  of  the  hand  has  disturbed  the  relation  between  the  level  vial 
and  telescope,  or  the  verticality  of  the  wires.  This  new  instrument  is 
about  15%"  quicker  to  manipulate  than  the  Kern  level  or  other  instru- 
ments of  that  type.  It  is  leveled  up  and  made  ready  to  observe  quicker 
than  the  other  instruments,  and  after  observing  it  requires  very  little 
time  to  i^ut  the  instrument  in  condition  to  be  carried  forward  to  the 
next  station.  The  prisms,  reflecting  the  ends  of  the  bubble  through 
the  false  telescope,  are  a  great  comfort  to  the  observer.  This  device 
is  superior  to  the  inclined  plane  mirror  often  used  for  that  piu'i^ose, 
for  it  concentrates  the  vision  on  the  ends  of  the  bubble  and  shuts  out 
distracting  patches  of  light  and  images  of  trees  and  other  objects 
which  sometimes  appeared  so  prominent  in  the  ijiclined  i^lane  mirror 
that  it  was  hard  to  read  the  bubble." 

Present  Method  of  Obsei-vation,  Coast  and  Geodetic  Survey.  —The 
method  of  observation  used  in  the  Coast  and  Geodetic  Survey  in  1899 
is  indicated  in  the  following  general  dii-ections  which  were  issued  to 
the  observers  in  the  field: 

"1.  Except  when  specific  instructions  are  given  to  proceed  other- 
wise, all  lines  are  to  be  leveled  indei^endently  in  both  the  forward  and 
the  backward  direction. 


*  Mr.  O.  W.  Ferguson,  formerly  engaged  on  various  level  lines  under  the  Corps  of 
Engineers,  and  now  an  Assistant  in  the  Coast  and  Geodetic  Survey. 
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Mr.  Hayford.  "2.  It  is  desirable  that  the  backward  measurement  on  each  section 
should  be  made  under  different  atmospheric  conditions  from  those 
which  occurred  on  the  forward  measurement.  It  is  especially  desir- 
able to  make  the  backward  measurement  in  the  afternoon  if  the 
forward  measurement  was  made  in  the  forenoon,  and  vice  versa.  The 
observer  is  to  secure  as  much  difference  of  conditions  between  the 
forward  and  backward  measurements  as  is  possible  without  materially 
delaying  the  work  for  that  purpose. 

"3.  On  all  sections  upon  which  the  forward  and  backward 
measures  difler  by  more  than  4.0  mm.  \/  K  (in  which  J5"is  the  distance 
leveled  between  adjacent  bench-marks,  in  kilometers),  both  the  forward 
and  backward  measures  are  to  be  repeated  until  two  such  measures 
fall  within  the  limit. 

"4.  The  i^rogramme  of  observation  at  each  station  is  to  be  as 
follows: 

"Setuj^and  level  the  instrument.  Bead  the  three  lines  of  the 
diaphragm  as  seen  jsrojected  against  the  front  (or  rear)  rod,  each  read- 
ing being  taken  to  the  nearest  millimeter  (estimated)  and  the  bubble 
being  held  continuously  in  the  middle  of  the  tube  (/.  e. ,  both  ends 
reading  the  same).  As  soon  as  possible  thereafter  read  the  three  lines 
of  the  diaphragm  as  seen  projected  against  the  rear  (or  front j  rod, 
estimating  to  millimeters  as  before,  and  holding  the  bubble  contin- 
uously in  the  middle  of  the  tube.  During  all  observations  the  tele- 
scoiJe  is  to  be  erect  and  the  striding  level  with  a  particular  leg  toward 
the  objective — that  is,  there  are  to  be  no  reversals  of  the  telescope  or 
striding  level. 

"  5.  At  each  rod  station  the  rod  thermometer  is  to  be  read  and  the 
temj^erature  recorded. 

"6.  At  stations  of  odd  numbers  the  back  sight  is  to  be  taken 
before  the  fore  sight,  and  at  even  stations  the  fore  sight  is  to  be  taken 
before  the  back  sight. 

"7.  The  maximum  difference  in  length  between  a  fore  sight  and 
the  corresponding  back  sight  is  to  be  10  m.  The  actual  difference  is 
to  be  made  as  small  on  each  pair  of  sights  as  is  feasible  by  the  use  of 
good  judgment  without  any  exi^enditure  of  time  for  this  ijarticular 
jJuriDose. 

"8.  The  recorder  shall  keep  a  record  of  the  rod  intervals  sub- 
tended by  the  extreme  lines  of  the  diajjhragm  on  each  back  sight, 
together  with  their  continuous  sum  between  bench-marks.  A  similar 
record  shall  be  kept  for  the  fore  sights.  The  two  continuous  sums 
shall  be  kept  as  nearly  equal  as  is  feasible  without  the  expenditure  of 
extra  time  for  that  purpose,  by  setting  the  instrument  beyond  (or 
short  of)  the  middl*^  jjoint  between  the  back  and  front  rods.  The  two 
continuous  sums  shall  not  be  allowed  to  differ  by  more  than  a  quan- 
tity corresponding  to  a  distance  of  20  m. 

"  9.  The  inequality  of  collars  shall  be  determined  at  the  beginning 
and  end  of  each  season  of  work. 

"The  collimation  error  shall  be  determined  once  for  each  day  of 
■work,  by  a  set  of  three  readings  in  the  direct  position  and  two  in"  the 
reverse  position  of  the  telescope. 

"  The  error  of  adjustment  of  the  striding  level  shall  be  determined 
at  least  twice  on  each  day  of  work  by  a  set  of  three  readings  in  the 
ordinary  position  and  two  in  the  reverse  jiosition. 

"10.  Notes  for  future  use  in  studying  leveling  errors  shall  be 
inserted  in  the  record,  indicating  the  time  of  beginning  and  ending  of 
the  work  of  each  half  day;  indicating  the  weather  conditions,  espe- 
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cially  as  to  i'l()iicliue^*s  aiul  wiud;  iiulicatiuj^  wbotlior  (uich  portion  of  Jlr.  JIayford. 
the  liiu'  is  rnu  towanl  or  away  I'roiu  the  siiu;  ami  Hiich  otlier  uotes  as 
jnoiniso  to  1)0  of  value  lu  studyiu'^  errors. 

'"  11.  The  iustrnmeut  shall  be  shaded  from  the  direct  rays  of  the 
suu,  both  dnriiij^  the  observations  aud  the  movement  from  station  to 
station. 

•'12.  The  maximum  length  of  sight  shall  be  150  m.,  and  the 
maximum  is  to  be  attained  only  under  the  most  favorable  circum- 
stances." 

When  instruments  of  the  1900  design  were  issued  to  two  of  the 
parties  during  the  j^ast  season  it  was  necessary  to  make  the  following 
changes  in  these  general  directions  on  account  of  the  fact  that  the  new 
instruments  are  not  reversible: 

"  The  last  sentence  of  Section  4  of  the  general  directions  for  precise 
leveling  is  now  imuecessary. 

' '  In  place  of  Section  9  substitute  '  Once  during  each  day  of  observa- 
tion the  error  of  the  level  should  be  determined  in  the  regular  course 
of  the  leveling,  and  recorded  in  a  separate  ojjening  of  the  record 
book  as  follows:  The  ordinary  observations  at  an  instrument  station 
being  completed,  transcribe  the  last  fore  sight  reading  as  i^ait  of  the 
error  determination,  call  uji  the  back  rod  and  have  it  placed  about  10 
m.  back  of  the  instrument,  read  the  rod,  move  the  instrument  to  a 
position  about  10  in.  behind  the  front  rod,  read  the  front  rod  and  then 
the  back  rod.  The  rod  readings  must  be  taken  with  the  bubble  in  the 
middle  of  its  tube.  The  required  constant  C  to  be  determined, 
namely,  the  ratio  of  the  required  correction  to  any  rod  reading  to  the 
corresi^onding  subtended  interval,  is 

^ (sum  of    near   rod    readings)  ■ — •  (sum  of  distant  rod  readings) 

(sum  of  distant  rod  intervals)  —  (sum   of  near  rod  intervals) 

The  level  should  not  be  adjusted  if  C  is  less  than  0.005.  If  a  new  ad- 
justment of  the  level  is  made,  C  should  at  once  be  re-determined.  It 
is  desirable  to  have  the  determinations  of  level  error  made  under  the 
ordinary  conditions  as  to  length  of  sight,  character  of  ground,  eleva- 
tion of  line  of  sight  above  the  ground,  etc'  " 

It  is  important  to  note,  although  nothing  in  the  foregoing  directions 
bears  upon  that  point,  that  the  usual  practice  in  the  Coast  and 
Goedetic  Survey  of  continuing  the  observations  throughout  the  day 
was  not  changed.  The  only  concession  made  to  the  idea  that  observa- 
tions should  be  taken  only  during  the  early  morning  hours  or  late 
evening  hours  was,  that  the  period  of  rest  at  noon  was  sometimes  made 
unusually  long. 

In  order  to  obtain  the  actual  lengths  of  the  rods  while  in  use  in 
the  field,  the  practice  has  been  to  have  the  rods  measured  accurately 
at  the  Office  of  Standard  Weights  and  Measures,  at  the  beginning 
and  end  of  the  field  season,  and  to  sui^ijlement  these  measures  by 
tape  measures  made  in  the  field  once  or  twice  a  month  during  the  field 
season. 

The  follow^ing  examples  of  the  record  and  computation  will  serve  to 
explain  the  method  still  further: 


r 
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3Ir.  Hayford. 


TAELE  No.  27.— Spibit  Le^-elixg. 

Date,     August    29tli,  1900.     Sun,   C.     Forward.     From  B.    M.  68 
to  B.  M.  G.     Wind,  S.  T. 


No.  of  station. 

i 
1 

11 

P5 

Thread 

reading 

fore  sight. 

a 

1 

Thread 
interval. 

0  oE 

il 

02  fl 

Time,  2.00  p.  m. 
43 

0  674 
0773 
0872 

0925 

1  031 
1  135 

0  484 
0582 
0  681 

0  398 
0  495 
0  592 

1027 
1053 
1080 

■6773!6' 
M'Jsio* 

99 
99 
198 

1C6 
104 
210 

98 
99 
197 

97 
97 
194 

26 
27 
53 

V 
38 

2683 
2  782 
2  882 

2  415 
2  518 
2  621 

2  510 
2  606 
2  702 

2  859 

2  955 

3  050 

1006 
1035 
1063 

■  '2782'.3 

■ ■25i8!6 

"2606;6 
■■2954".7 

"iosi!? 

■ii895!7 
—7961.8 

99 

100     • 
199 

103 
103 
206 

96 
96 
192 

96 
95 
191 

29 
28 
57 

44 

■■468' 

W 
35 

405 

43 

■'eos' 

V 
35 

597 

46 

"799' 

W 
34 

788 

47              

"852' 

V 
34 

845 

2.25  P.M. 

The  exjjlanation  of  the  symbols  used  after  the  words  "Sun"  and 
"Wind  "  is  shown  on  the  bottom  of  the  comijutation  form,  Table  No. 
28.  The  unit  in  the  record  is  the  millimeter.  The  instrument  stations 
(not  turning  jDoints)  are  numbered  consecutively  throughout  the  day. 
A  rod  once  placed  at  a  point  stays  there,  both  for  the  fore  sight  and 
back  sight,  the  rodman  thus  being  front  and  rear  rodman,  alternately. 
To  carry  out  the  requirement  of  the  general  directions,  that  at  stations 
of  odd  numbers  the  back  sight  is  to  be  taken  before  the  fore  sight,  and 
at  even  stations  the  fore  sight  is  to  betaken  first,  it  is  only  necessary  to 
remember  that  this  is  equivalent  to  the  statement  that  one  particular 
rodman  must  always  show  his  rod  first  after  each  placing  of  the  instru- 
ment. The  position  of  the  rod  is  indicated  in  the  record  on  the  fore 
sight  only.  The  temperature  is  read  by  the  rear  rodman  just  before 
he  moves  forward,  and  is  called  out  to  the  recorder  when  the  rodman 
passes. 

The  columns  headed  "Thread  interval"  show  the  intervals 
between  the  lower  and  middle  threads  as  seen  projected  on  the 
rod,  and  the  middle  and  the  upper,  and  finally  the  total  interval. 
The  columns  headed  "Sum  of  Intervals  "  show  the  continuous  sum  of 
the  total  intervals,  and,  as  these  values  are  i^roportional  to  the  sums 
of  the  back-sight  distances  and  fore-sight  distances,  respectively,  they 
enable  the  observer  to  keep  these  two  sums  nearly  equal  at  all  times. 
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Siu'h  i)ortious  of  the  couiijutatiou  as  aro  shown  iu  the  tables  as  Mr.  Hayford. 
forming  a  part  of  the  record,  are  kept  up  l:)y  the  recorder  as  the  work 
progresses.  The  instrument  is  not  moved  forward  from  any  station 
until  the  recorder  announces  that  the  readings  at  that  station  check 
properly.  The  recorder  uses,  as  a  short  method  of  computing  the 
mean  of  the  three  thread  readings,  the  fact  that  the  difi'erence  of  the 
uppor  and  lower  intervals  divided  by  three  is  the  correction  to  be 
applied  with  the  })roper  sign  to  the  middle  thread  reading  to  give  the 
mean  of  the  three. 

A  party  Avhich  has  just  returned  from  the  field,  after  having  com- 
pleted nearly  120  miles  of  single  line  per  month  for  over  five  months, 
has  turned  in  record  books  in  the  form  indicated  above,  in  which 
every  value  has  been  checked  by  applying  the  same  process  as  used 
by  the  recorder.  In  addition  to  this  the  sums  of  the  mean  rod  read- 
ings at  the  bottom  of  each  page  have  been  checked  by  adding  the 
second  column  of  each  page  and  dividing  by  three,  so  that  these  sums 
liave  been  derived  three  times,  and  by  two  independent  processes,  and 
two  or  three  different  men. 

But  little  explanation  is  needed  in  connection  wdth  the  computation 
form.  Table  No.  28.  The  forward  line  from  B.  M.  68  to  B.  M.  G,  on 
this  form,  is  that  for  which  the  record  is  given. 

The  fifth  column  on  the  left-hand  page  is  derived  from  the  fourth 
by  using  the  sufficiently  exact  relation  that  287  mm.  subtended  on  the 
rod  corresi:)onds  to  100  m.  along  the  line,  regardless  of  the  lengths 
of  the  separate  sights,  the  qiiantity  c  +/  on  page  28  being  ignored  in 
both  the  determination  of  the  stadia  constant  and  its  use. 

The  corrections  for  curvature  and  refraction  shown  in  the  first  col- 
umn of  the  right-hand  page  are  those  due  to  the  differences  of  corre- 
sponding fore  sights  and  back  sights,  no  correction  being  necessary 
when  the  corresi^onding  sights  are  exactly  equal.  The  correction  only 
becomes  appreciable  occasionally,  and  may  be  applied  very  quickly  by 
the  use  of  properly  prepared  tables  and  a  rapid  inspection  of  the  rec- 
ord books.  It  seldom  exceeds  0.1  mm.  under  actual  conditions.  It  is 
imijortant  to  note  that  this  is  in  the  main  a  correction  for  curvature,  a 
quantity  which  is  not  uncertain,  the  uncertain  refraction  being  upon 
an  average  about  one-eighth  as  great  as  the  curvature. 

The  level  correction  show^n  in  the  second  column  of  the  right-hand 
page  is  equal  to  the  constant  C  (defined  in  the  general  directions  for 
leveling)  times  the  value  in  the  sixth  column  of  the  left-hand  page. 
This  correction  will  very  seldom  exceed  0.3  mm.  under  actual  condi- 
tions, and  will  be  sensibly  zero  for  most  sections. 

The  third  column  gives  the  correction  due  to  the  excess  of  length  of 
the  rod  at  zero  degrees,  this  particular  rod  being  0.28  mm.  too  long  on 
each  meter.  The  examinations  of  the  rods  made  at  the  office  show  that 
the  error  of  graduation  is,  with  sufficient  accuracy,  proi^ortionalto  the 
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Left-hand  page. 


TABLE 

Computation  of 
Line:  Somerset,  Kt.,  to  Knoxville,  Term. 


fe   • 

05 

00 

Mean  Rod  Read- 

B. Ms. 

II 

o 

1 

2« 

"5 

.3  m 
o 

ings. 

Mean  tem 

perature  o 

rods. 

P 

o 

Is 

qS 

2B 

2  F 

^ 

K 

Meters. 

Meters. 

mm. 

mm. 

65-66 

F. 

9 

3  669 

1.279 

+  5 

10.6532 

19.0087 

—  8.3555 

37 

B. 

7 

3  675 

+  9 

15.1650 

6.8087 

-1-  8.3563 

36 

66-67 

F. 

8 

3  738 

1.302 

+12 

37.6667 

10.4370 

-1-  7.2297 

32 

B. 

7 

3  739 

-23 

7.8223 

15.0.5.J7 

—  7.2314 

23 

67-68 

F. 

13 

4  198 

1.464 

+  4 

15.5a76 

31.8222 

—16.2946 

.33 

B. 

8 

4  206 

-24 

21.5524 

5.2587 

-M  6. 2937 

38 

68-ff 

F. 

5 

1  697 

.590 

+  7 

3.9339 

11.8957 

—  7.9618 

35 

B. 

6 

1  691 

-5 

12.5587 

4.5979 

+  7.9608 
4-22.6819 

31 

G-69 

F. 

11 

5  126 

1.785 

—  2 

38.4990 

5.8171 

39 

B. 

11 

5  120 

+14 

6.3550 

29.0368 

—22.6X18 

27 

69-70 

F. 

12 

4  589 

1.602 

—23 

17.7855 

22.7719 

—  4.9864 

22 

B. 

9 

4  607 

—  9 

17.5:312 

12.5410 

-h  4.9902 

22 

70-71 

F. 

10 

5  000 

1.740 

+  6 

6.9331 

27.1772 

—20.2441 

25 

B. 

10 

4  987 

—  5 

26.9183 

6.6720 

-+-20.2463 

24 

71-72 

F. 

10 

4  076 

1.420 

+  2 

10.. 5955 

26.0830 

—15.4875 

33 

B. 

8 

4  on 

+  3 

21.0375 

5.5510 

-1-15.4865 

26 

Abbreviations:  S.=sunshine:  C.=cloudy;  S.  &  C.=alternate  sunshine  and  clouds,, 
or  alternate  sunshine  and  shade. 

Abbreviations,  strength  of  wind:  S.=strong;   M.=moderate;  C.=calm. 

distance  along  the  rod.  The  next  column  gives  the  correction  due  to 
the  expansion  of  the  rod  from  zero  to  the  temperature  of  observation, 
computed  with  the  known  coefficient  of  expansion  of  the  rods,  namely, 
0. 000004  per  degree  Centigrade.  The  sum  of  the  quantities  in  the  third 
and  fourth  columns  in  any  line  gives  the  correction  due  to  the  excess 
of  length  of  the  rod  at  the  temperature  of  observation.  For  these  par- 
ticular rods,  which  are  long,  even  at  zero,  the  correction  in  each  of 
these  columns  will  always  have  the  same  sign  as  the  measured  differ- 
ence of  elevation. 

The  last  lour  columns  on  this  form  are  for  use  whenever  special 
studies  are  to  be  made  to  determine  if  possible  the  sources  of  the  jii-in- 
cipal  errors  of  leveling.  It  is  in  order  to  note  in  the  last  column  that 
the  times  of  the  backward  and  forward  runnings  of  any  section  have  no 
fixed  relation  to  each  other.  The  two  runnings  are  sometimes  made 
on  the  same  day,  sometimes  on  different  days,  and  in  some  instances 
they  both  occur  in  the  forenoon,  at  other  times  both  in  the  afternoon, 
and  frequently  they  occur  in  opposite  halves  of  the  day.  Any  long 
portion  of  the  Hue  will  show  corresponding  forward  and  back  meas- 
urements having  all  possible  relations  to  each  other  as  to  the  time  of. 
dav. 
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No.    28. 

Phecise  Levels. 

Observer,  W.  H.  B.    Year,  1900. 


Mr.  IlayforJ. 


Ri(lht-}niii(l  jKKje. 


Corrections. 

Difference  op 
Elevation. 

03 
W 

a 
a) 

ID 

1 

1 

o 
v 

a 

'% 

a 

5 

■6 

c 

i    .1 

4) 
> 
1) 

o 

P.0-1 

(a 

1^ 

9=^ 

.a 

a 

o 

mm. 

mm. 

mm.    mm. 
-2.3  —1.2 

+  2.31  +0.8 
+2.01  +0.9 
— 2.0!  —0.6 
-4.61  —2.1 
+4.61  +1.9 
-2.2i  —1.1 
+2.21  -1-1-0 

—  8.3390 
+  8.3596 
-1-  7.2327 

—  7.2341 
—16.3013 
+16.3004 

—  7.9650 
+  7.9640 
--32.6P09 
-22.690{! 

—  4.9882 
+  4.9920 
-20.2518 
+20.2540 
-15.4937 
+15.4924 

—  8.3593 

mm. 
-0.6 

L. 

S. 

c. 

c. 

c. 
s.  &  c. 

c. 

c. 

c. 
s.  &c. 

c. 

c. 

c. 

c. 

c. 

s. 

c. 

c. 
c. 
c. 
c. 
c. 
c. 
s. 
c. 

M.S. 
F.  M. 

C. 

C. 

C. 

8: 

c. 

8/28-  9.15 
8/29-  9.00 
8/29-11.05 
8/29-  7  45 

-H).l 

4  6.i 

"+6;i 

+  7.2334 

+1.4 



—16.3008 

+0.9 

T. 

8/29-  1.30 
8/28-  5.00 
8/29-  2.15 
8/31     9  00 

+0.1 

tA 

—  7.9645 

+1-0^ 

--6.4 

^-3.6 
—2.4 
—0.4 
+0.4 
-2.0 
+1.9 
—1.9 
+1.6 

+22.6908 

—0.3 

R. 

8/29-  3.15 
8/31-  8.30 
8/30-  7.15 
8/30-  4  30 

+0.1 

-o.i 


—1.4 
+1.4 
-5.7 

m 

-j-4.3 

—  4.9901 

-3.8 

-20.2529 

—2.2 

8/30-  8.15 
8/30-  3.30 
8/30^  9  15 

+0.1 

—15.4930 

+1.3 

L. 

8/30-  2.40 

1 

Abbreviations,  direction  of  progress  relatively  to  sun.    il  =  within  45°  of  directly 

I  frmn"'**  !  ^^°-    Fr  }  =  |  f ron^^  }  ^^°'  ^^^  ^*  ^^  ^°&^^  ^^  ™^^^  ^^^^  *^°  '*^i*^  S"'^  ^^ 

right,      p^  [■  -  ditto    with    sun    to    left.      -^ }  =  sun  to  { [^^f^*  [-  and   nearly  at    right 

angles  to  line.    The  same  abbreviations  also  apply  with  reference  to  the  direction  of  pro- 
gress relatively  to  the  wind. 


Table  ISo.  29  is  an  abstract  of  results,  and  is  essentially  a  summary 
and  combination  of  the  values  derived  on  tlie  computation  form.  The 
first  form,  Table  No.  28,  is  discontinuous,  showing  results  from  sep- 
arate sections,  while  this  abstract,  Table  No.  29,  is  continuous,  and  is 
substantially  the  form  in  which  the  results  are  published. 

The  discrepancies  between  the  forward  and  back  lines  are  shown  in 
the  last  two  columns  of  the  left-hand  page.  The  accumulated  dis- 
crepancy up  to  Bench-mark  72  is  45  mm.  on  120  km.,  or  at  the  rate  of 
slightly  less  than  ■§■  mm.  per  kilometer  of  line  run.  It  may  be  re- 
marked that  the  total  discrepancy  had  only  increased  to  53  mm.  at  the 
end  of  the  line,  38  km.  farther  on. 

Table  No.  30  is  a  samjale  of  the  record  and  computation  of  the  de- 
termination of  C,  the  constant  expressing  the  relation  between  the 
tangent  of  the  level  vial  at  its  middle  point  and  the  jjoiuting  line  of 
the  telescope,  and  will  be  understood  without  diflficulty  by  reference  to 
the  statement  of  the  method  of  determination  of  C  in  the  general  direc- 
tions for  leveling,  and  by  noting  the  way  in  which   quantities   have 


144 


DISCUSSION   ON"    PRECISE   SPIRIT   LEVELING. 


Mr.  Hayford.  TABLE 

Abstkact  or  Spirit- 
State,  Tennessee.     Instrument,  Level  No.  8.     Eods,  Fand  W. 


Distance, 

in 

kilometers. 

Difference  of  Elevation. 

Discrepancy. 

Date. 

From 
B.  M.  to  B.  M. 

Forward 
line.      1 

Backward 
line. 

Mean. 

Partial. 

Total 
accumu- 
lated. 

ra. 

m. 

m. 

mm, 

mm. 

Aug.  28-29 

65-66 

1.279 

—  8.3590' 

+  8.3596 

—  8.3593 

—0.6 

-^7.1 

••     29 

66-67 

1.302 

-1-  7.2'«7 

—  7.2341 

4-  7  2334 

+1.4 

--48.5 

"     28-29 

67-68 

1 .404 

-16.3013 

-1-16.3004 
-1-  7.9640 

—16.3008 

-1-0.9 

--49.4 

"     29-31 

68-G 

0.590 

—  7.9650 

—  7.9645 

4-1.0 

--50.4 

"     29-31 

G-69 

1.785 

-L22.6909 

—22.6906 

4-22.0908 

-0.3 

--50.1 

"     30 

69-70 

1.602 

-  4.9882 

+  4.9920 

—  4.9901 

—3.8 

--46.3 

"     30 

70-71 

1.740 

-30.2518 

-1-20.2540 
4-15.4924 

-20.2529 

—2.2 

—44.1 

"     30 

71-72 

1.420 

-15.4937, 

—15.4930 

+... 

4-45.4 

been  transferred  from  the  right-hand  to  the  left-hand  page  and  vice 
versa.  The  correction  of  —  0.8  mm.  for  curvature  and  refraction  is 
applied  to  the  sum  of  the  two  distant  rod  readings,  the  correction  for 
either  one  being  —  0.4  mm.  The  curvature  is  not  appreciable  for  the 
near  rod  readings. 

Contrast  of  3Iethods. — A  comparison  of  the  present  Coast  Survey 
method,  just  described,  with  the  author's  method,  indicated  on  jDages 
83  and  89,  .will  show  that  there  is  just  twice  as  much  observing  jjer 
station  in  the  latter  method  as  in  the  former,  the  three  lines  of  the 
reticule  being  read  against  each  of  the  rods  twice  in  the  author's 
method  and  only  once  in  the  Coast  Survey  method.  It  is  still  more 
important  to  note,  however,  that  there  is  much  less  manipulation 
reqiiired  in  the  Coast  Survey  method  than  in  the  other,  the  additional 
manipulation  in  the  author's  method  being  at  each  station  the  i^lardng 
of  the  striding  level  in  position  and  taking  it  oflf  again  after  observa- 
tion, reversing  the  striding  level  twice  and  reversing  the  telescope 
twice  at  each  station.  It  is  the  writer's  opinion  that  the  additional 
time  spent  at  the  station  for  these  additional  observations  and  addi- 
tional manipulations  tends  to  reduce  the  accuracy  of  the  observations 
bv  increasing  the  magnitude  of  all  errors  which  are  a  function  of  the 
elapsed  time  at  the  station,  the  most  prominent  of  which  are  errors 
due  to  changes  of  temperature  in  the  instrument.  In  addition  to  this 
it  is  probably  true,  as  a  general  proposition,  that  the  more  an  instru- 
ment is  handled  during  a  set  of  observations  the  less  accurate  are  the 
results  obtained. 

In  the  author's  method  reliance  is  placed  upon  reversals  of  the 
telescoi^e  and  striding  level  to  eliminate  the  instrumental  errors.  In 
the  Coast  Survey  method  reliance  is  placed  definitely  ujion  the  near 
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No.  29. 

Level  Results. 

Observer,  W.  H.  B.     Computer,  W.  H.  B. 


No.  of  B.  M. 

Distance  from 
B.  M.  No.  1. 

Elevation  above. 

Locality. 

km. 

m. 

66 

110.585 

423.8842 

67 

111.887 

431.1176 

68 

113.351 

414.8168 

G 

113.941 

406.8523 

Stone  post  at  Sunbright,  Tenn. 

69 

115.730 

429.5431 

70 

117.332 

424.5530 

71 

119.07^2 

404. 3001 

72 

120.492 

388.8071 

equality  of  corresponding  fore  sights  and  back  sights.  The  correc- 
tions which  result  from  the  small  measured  differences  of  correspond- 
ing sights  are  found  to  be  so  small  that  it  is  hardly  worth  -while  to 
apply  them.  The  time  spent  in  applying  these  small  corrections  and 
in  determining  the  constant  C  each  day  in  the  field  is  probably  little 
more  than  1%  of  that  required  in  the  author's  method  for  the  thousands 
of  reversals  of  the  striding  level  and  telescope  in  the  field. 

Other  i^oints  of  contrast  between  the  two  methods  will  be  touched 
upon  later  in  this  discussion. 

Reason  for  Chnuge  in  Coast  and  Geodetic  Survey  Method  of  Leveling. — 
Beginning  with  the  year  1899  the  Coast  and  Geodetic  Survey  has  used 
a  radically  different  method  of  leveling  from  that  which  had  previously 
been  followed  in  that  organization  for  many  years.  It  is  important, 
therefore,  that  the  reasons  for  this  radical  change  should  be  made 
known. 

The  old  method  of  observation*  fulfilled  the  author's  doctrine  that 
the  method  of  leveling  "becomes  more  complicated  and  requires  more 
painstaking  in  proportion  to  the  accuracy  required  "  (page  1),  and 
that  "  The  most  reliable  results  in  precise  leveling  are  undoubtedly 
to  be  obtained  by  careful  and  systematic  observations  designed  to 
prevent  and  eliminate  errors  directly  in  the  observations."  The 
method  involved  the  use  of  a  target  rod,  and  in  that  respect  was  radi- 
cally different  from  the  author's  method,  but  it  closely  resembled  it 
in  that  both  the  striding  level  and  the  telescope  were  reversed  during 
the  readings  upon  each  rod  at  each  station.  The  amount  of  observing 
at  each  station  exceeded  considerably  that  necessary  in  the  author's 

*  This  method  is  described  in  Appendix  No.  15  of  the  C.  &  G.  S.  Rep.  for  1879.  pp.  20^ 
211,  and  again  in  Appendix  No.  8  of  the  C.  &  G.  S.  Rep.  for  1898-99,  pp.  416-418. 
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Mr.  Hajrford.  metliotl.  In  fact,  the  method  advocated  by  the  author  may  be  said  to- 
be  a  mean,  in  degree  of  complication  and  the  number  of  readings- 
required  at  each  station,  between  the  old  C.  &  G.  S.  method  and  the 
present  C.  &  G.  S.  method. 

TABLE  No.  SO.-Detebjunatiox  of  C,  8.20  a.  m.,  ArersT  28th,  1900. 
Left-hand  page.  Right-hand  page. 


Number       Thread 
of       I    reading, 
station,    back  sight. 


1515 
1528 
1542 

2  252 
2  357 
2  462 


0461.7 
2818.7 
Corr.  for  curv.  and  ref .    —0.8 


Mean. 


1528.3 


I    2357.0  \ 


Thread 
interval. 


13 

14 
27 

105 
105 
210 


419 
52 
367 


Rod  and  Thread 
tempera-  reading, 
ture.       fore  signt . 


W. 


0  357 
0  462 
0  566 

1276 
1288 
1301 


Mean. 


0461.7 


1288.3 


1528.3 
2816.6 
2817.9 
367)  —1.300(— 0.004=0 


Thread 
interval. 


105 
104 
209 

12 
13 

25 


As  the  number  of  connections  of  the  level  lines  run  by  the  old  C.  & 
G.  S.  method  with  tidal  determinations,  with  other  level  lines  of  the 
same  kind,  and  with  level  lines  rim  by  other  organizations,  increased, 
it  became  more  and  more  evident  that  the  real  accuracy  of  such  level- 
ing had  been  greatly  overestimated;  and  that  the  internal  evidence 
of  the  observations  furnished  by  the  agreement  of  the  two  or  more 
runnings  of  the  same  section  with  each  other  was  an  entirely  fallacious 
indication  of  the  accuracy.  In  1898  so  much  evidence  of  this  kind 
had  accumulated  that  there  could  be  no  doubt  of  the  desirability  of  a 
special  investigation  to  determine  where  the  difficulty  lay. 

On  November  29th,  1898,  the  Superintendent  of  the  Coast  and 
Geodetic  Survey  apj^ointed  a  committee  of  four*  to  consider  the  sub- 
ject of  precise  levels  and  in  particular  to  investigate  "  The  accuracy 
of  various  methods,  their  relative  freedom  from  systematic  errors,  and 
their  relative  quickness,  cheapness  and  facility  of  reduction  of  the 
observations."  This  committee  met  for  three  or  four  hours  on  nearly 
every  working  day  from  that  date  until  their  report  was  submitted  on 
February  9th,  1899.  All  the  results  of  jirecise  leveling  published  up 
to  that  date  in  the  United  States  were  examined,  as  well  as  much  of 
the  general  American  literature  on  the  subject  of  precise  leveling,  and 
some  of  the  principal  European  publications  on  the  same  subject. 
For  their  convenience  all  the  levels  illustrated  in  the  author's  jjaper 
were  brought  to  Washington  for  direct  examination.      As  a  result  of 

*  John  F.  Hayford,  Isaac  Winston,  J.  J.  Gilbert  and  A.  L.  Baldwin. 
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this  extensive  study  of  the  facts,  in  the  form  of  piiblishctl  results  aud  Mr  HayfonJ. 
of  the  various  opinions  of  individuals  expressed  in  the  literature 
examined,  aud  of  direct  examination  of  the  instruments  advocated  by 
various  parties,  the  committee  made  almost  unanimous  recommenda- 
tions which  led  to  the  abandonment  of  the  old  method  of  leveling  and 
the  modification  of  the  instrument  itself.  Two  of  the  main  conclu- 
sions reached  by  the  committee,  and  uj^on  which  their  recommenda- 
tions were  based,  were  that  the  principal  errors  in  the  old  Coast  and 
Geodetic  Survey  leveling  were  systematic  temperature  errors  follow- 
ing a  certain  law,  which  is  stated  more  fully  further  on,  and  that  the 
leveling  by  the  Corps  of  Engineers  with  Kern  instruments  and  a  very 
simple  method  of  observation  was  of  at  least  as  high  a  degree  of 
accui'acy  as  that  of  the  C.  &  G.  S.,  using  a  much  more  complicated 
and  laborious  method  of  observation  and  computation. 

Adjustment  of  the  Precise  Level  Net. — It  fell  to  the  lot  of  the  writer, 
as  a  part  of  his  regular  duties,  during  the  first  half  of  the  present 
year,  to  direct  the  compilation  of  the  results  of  precise  leveling  in  the 
eastern  half  of  the  United  States,  and  the  adjustment  of  the  compli- 
cated net-work  formed  by  such  lines.  In  the  course  of  the  work  of 
compilation  some  new  information  became  available  in  addition  to 
what  the  committee  had  used.  Before  making  the  final  adjustment 
of  the  net  it  was  necessary  to'  review  carefully  the  work  of  the  com- 
mittee, to  re-examine  the  evidence  which  they  had  considered,  and  to 
study  the  new  evidence  and  test  the  conclusions  of  the  committee  in 
every  possible  way.  It  was  of  the  highest  importance  in  making  the 
adjustment  that  the  relative  accuracy  of  the  different  kinds  of  leveling 
should  be  ascertained,  and  that  the  systematic  errors  of  each  kind  of 
leveling  should  be  specially  investigated.  The  investigation  thus 
made  as  a  preliminary  to  the  adjustment  of  the  level  net  confii'med  the 
committee's  conclusion  fully  in  regard  to  the  systematic  temi^erature 
error  affecting  the  old  C.  &  G.  S.  leveling,  and  showed  incidentally 
that  the  work  done  by  the  Corps  of  Engineers  was  of  a  very  much 
higher  degree  of  accuracy  than  the  old  work  done  by  the  Coast  and 
Geodetic  Survey.  It  thus  furnished  new  evidence  that  the  recom- 
mendations of  the  committee  in  regard  to  change  of  method  and 
instrument  were  correct.  At  the  time  the  adjustment  was  made  three 
parties  had  already  completed  a  season's  work  w'ith  the  modified  level 
and  the  new  method,  and  these  results  were  also  available. 

The  net-work  of  precise  leveling  resulting  from  the  compilation, 
and  which  was  adjusted,  is  shown  in  Plate  VII.  The  line  symbols 
indicate  the  organization  which  did  the  work  and  in  a  general  way  the 
kind  of  leveling  involved.  The  figures  inside  each  circuit  show  the 
closing  error  of  the  circuit  and  the  circumference  of  the  circuit  not 
including  water  leveling  along  tidal  waters.  A  plus  value  for  the 
closing  error  of  the  circuit  indicates  that  the  elevation,  carried  contin- 
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Mr.  Hayford.  uously  around  the  circuit  in  a  counter-clock- wise  direction,  is  too  great 
at  the  closing  point.  The  apiiroximate  closing  error,  expressed  in 
millimeters  per  kilometer,  can  be  obtained  at  a  glance  by  dividing  the 
nipper  value  in  each  circuit  by  the  lower. 

No  argument  is  needed  to  show  that  to  secure  the  highest  possible 
degree  of  accuracy  in  the  elevations  assigned  to  the  4  000  bench-marks 
connected  with  this  net  it  must  be  treated  as  a  whole,  and  not  as  an 
aggregation  of  separate  lines,  as  it  has  been  in  the  past.  It  is  evident 
that  the  errors  of  closure  should  be  distributed  so  as  to  make 
all  the  closures  disappear  and  make  all  lines  agree  at  junction  jDoints. 
The  best  method  to  be  used  in  making  such  an  adjustment  is  not  self- 
evident.  It  is  a  matter  of  judgment  rather  than  of  fact.  After  an 
exhaustive  study  of  the  matter  it  was  decided  to  use  the  least-square 
process  of  adjustment,  but  to  supplement  it  and  check  the  assumptions 
upon  which  it  is  based  as  frequently  as  possible  by  other  methods  of 
investigation. 

In  the  Coast  and  Geodetic  Survey  Report  for  1898-99  is  given  a  full 
statement  of  the  compiled  facts  and  such  a  full  statement  of  the 
processes  of  adjustment  as  will  enable  any  engineer  to  judge  for  him- 
self as  to  the  trustworthiness  of  the  results.  This  will  be  of  esjsecial 
value  to  the  engineer  who  is  interested  in  precise  leveling,  as  such. 
For  the  engineer  who  is  interested  in  the  results  rather  than  the 
processes  there  is  also  given  a  complete  list  of  the  adjusted  elevations 
of  more  than  four  thousand  permanent  bench-marks  connected  with 
the  level  net  and  also  a  list  of  such  short  descriptions  of  these  bench- 
marks as  will  enable  the  engineer  to  find  them.  These  two  lists  are 
for  convenience  jjrovided  with  an  alphabetical  index.  This  appendix* 
was,  at  the  date  of  writing  (Oct.  29th,  1900),  in  the  hands  of  the  printer, 
and  it  was  expected  that  it  would  be  ready  for  distribution  in  Novem- 
ber, 1900.  Any  interested  engineer  may  obtain  a  copy  by  writing  to 
the  Superintendent  of  the  Coast  and  Geodetic  Survev,  Washington, 
D.  C. 

The  Temperature  Error  in  the  Old  Coast  and  Geodetic  Survey  Leveling. 
— The  character  and  amount  of  the  temperature  error  discovered  in 
the  old  C.  &  G.  S.  leveling  is  of  special  interest  in  this  discussion 
because  the  author  concedes  that  the  errors  due  to  temperature  and 
atmosjiheric  conditions  are  among  the  most  dangerous  eiTors  to  be 
encountered  in  precise  leveling  (pages  29,  60  and  110)  and  because 
his  method  and  instrument  seem  to  leave  the  way  open  to  such  errors. 

The  committee  report,  confirmed  by  later  investigation,  indicates 
that  a  horizontal  surface,  as  defined  by  C.  &:  G.  S.  leveling  previous  to 
1899,  is  always  tipped  up  with  reference  to  the  true  horizontal  surface, 
the  rotation  being  about  a  line  12"  north  of  west  or  south  of  east,  and 
the  inclination  being  such  that  the  southwestern  part  of  the  surface  is 

*  No.  8  of  the  Report  for  1898-99,  p.  347  et  seq. 
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too  low  and  the  uortlunisteru  part  of  the  surface  too  high,  regardlesB  Mr.  Hayford. 
of  the  diret-'tiou  in  which  the  leveling  actually  progressed.     According 
to  this  law  a  C.  it  G.  S.  level  line  running  in  a  direction  about  12^  east 
of  north  will  give  elevations  which  run  too  low  at  a  maximum  rate; 
a  line  in  the  opposite  direction  will  run  too  high  at  a  maximum  rate;  , 

and  in  the  two  directions  at  right  angles,  namely,  12^  north  of  west 
and  12°  south  of  east  a  line  will  not  be  subject  to  a  systematic  tend- 
ency to  run  either  too  high  or  too  low.  It  may  be  well  to  note  here 
that  an  error  of  this  form  will  not  be  detected  by  re-rimning  the  line  in 
the  opposite  direction,  for  if  the  forward  line  runs  too  high  in  going 
sonthwestward,  say,  the  backward  line  running  to  the  northeastward 
will  run  low  by  the  same  amount,  and  the  two  lines  will  show  no  diver- 
gence. 

The  i^roofs  for  this  law,  brought  forward  by  the  committee,  did  not 
involve  any  use  of  the  principles  of  least  squares.  They  were  based 
simply  upon  the  discrepancies  developed  when  lines  were  run  between 
tide  gauges  or  between  points  connected  independently  by  other  lines 
of  levels  run  by  some  other  method.  The  main  reliance  was  of  course 
placed  upon  the  first  line  of  evidence. 

Several  preliminary  adjustments  of  the  precise  level  net  were  made 
before  a  final  adjustment  was  attempted.  These  preliminary  adjust- 
ments showed  that  the  C.  &  G.  S.  lines  persistently  needed  corrections 
in  accordance  with  the  law  of  error  stated  above.  The  same  tests 
were  also  applied  by  the  committee,  and  again  in  the  preliminary  ad- 
justments, to  the  leveling  by  the  Corps  of  Engineers,  and  in  every  case 
indicated  that  there  was  no  appreciable  systematic  error  in  the  Engi- 
neer Corps  leveling  corresponding  to  that  in  the  C.  &  G.  S.  leveling. 

It  might  be  contended  that  the  evidence  thus  furnished  by  the  pre- 
liminary adjustment  was  not  valid,  as  it  involved  the  assumption  that 
the  Gulf  of  Mexico  is  at  the  same  elevation  as  the  Atlantic,  whereas  it 
has  been  claimed  that  it  is  considerably  above.  It  is  desirable,  there- 
fore, to  obtain  some  check  on  the  reality  of  the  systematic  error  which 
is  independent  of  any  such,  assumption.  In  the  level  net  shown  on 
Plate  "STT  there  are  eighteen  circuits,  of  which  the  C.  &  G.  S.  level- 
ing previous  to  1899  fonns  a  part  only,  the  remainder  being  either  spirit 
leveling  of  some  other  kind  or  water  levels.  Only  one  of  these  circuits, 
namely,  that  given  by  the  level  lines  from  St.  Augustine  to  Cedar 
Keys,  Fla.,  and  the  water  levels  from  Cedar  Keys  to  St.  Augustine 
through  the  Straits  of  Florida,  has  a  closing  error  which  is  affected  by 
the  assumption  as  to  the  relative  elevation  of  the  Gulf  and  the 
Atlantic.  The  remaining  seventeen  closures  are  indei^endent  of  any 
such  assumption.  Of  these  seventeen,  foiirteen  have  closing  errors  of 
the  sign  which  would  be  accounted  for  by  assuming  that  the  closing 
error  in  each  case  is  due  entirely  to  the  above  systematic  error  in  the 
portion  of  the  circuit  run  by  the  C.  &  G.  S.  previous  to  1899.     An  ad- 


150  DISCUSSION   ON   PRECISE    SPIRIT   LEVELING. 

Br.  Hayford.  ditional  circuit  has  since  been  closed  which  also  agrees  with  the  four- 
teen, making  in  all  fifteen  cases  out  of  eighteen.  For  example,  in  the 
circuit,  Cairo — Odin — St.  Louis — Cairo,  the  eastern  and  northern  sides 
of  the  circuit  were  run  by  the  C.  &  G.  S.  According  to  the  law  of  the 
supposed  systematic  error,  the  line  from  Cairo  to  St.  Louis,  via  Odin, 
should  run  considei*ably  low,  causing  the  closing  error  of  the  circuit 
to  be  negative.  The  actual  closing  error  is  — 227  mm.,  and  the  circum- 
ference of  the  circuit  .570  km. 

The  reality  of  the  supposed  law  of  systematic  error  having  been 
satisfactorily  established  by  a  purely  inductive  method,  without  refer- 
ence to  any  theory  as  to  its  cause,  the  next  step  in  making  the  adjust- 
ment of  the  level  net  was  to  derive  a  niimerical  expression  for  the 
en'or  and  to  ajsply  the  proper  corrections  to  the  various  lines.  It  was 
found  that  the  correction  to  the  elevations  on  a,  line  running  12°  west 
of  south  was  — 1.25  mm.  per  kilometer,  and  that  it  was  -)-l-25  mm.  jier 
kilometer  in  the  opposite  direction.  For  a  line  running  in  any  other 
direction  the  correction  required  is  projjortional  to  the  cosine  of  the 
angle  between  the  line  and  the  direction  stated  above.  This  maximum 
correction  of  1.25  mm.  per  kilometer  corresjoonds  to  a  vertical  angle  of 
only  0.33  of  a  second  of  arc,  less  than  one-sixth  of  a  division  on  the 
level  vials  ordinarily  used,  one  division  being  from  2  to  3  seconds. 
The  minuteness  of  this  correction  should  be  kejjt  in  mind  when  con- 
sidering the  possible  explanation  given  below. 

It  'W'ill  probably  be  conceded,  by  all  who  are  familiar  with  instru- 
ments of  jjrecisiou,  and  with  the  particular  instruments  herein  de- 
scribed and  the  conditions  under  which  they  are  used  in  the  field,  that 
unequal  though  small  changes  of  temperature  are  continually  taking 
place  in  different  i^arts  of  the  leveling  instrument  while  in  use;  that 
these  unequal  changes  of  temperature  produce  continual  small 
changes  in  the  relative  positions  of  the  different  parts  of  the  instru- 
ment; that  all  portions  of  the  instrument  on  the  side  from  which 
the  greatest  amounts  of  heat  are  being  received  tend  to  assume 
higher  temperatures  than  those  on  the  opposite  side,  and  that  in  gen- 
eral the  instrument  receives  more  heat  from  the  side  toward  the  sun 
at  any  given  time  than  from  other  directions,  even  though  the  imme- 
diate source  of  heat  is  not  the  sun  (from  the  direct  rays  of  which  the 
instrument  is  always  protected),  but  the  inner  surface  of  the  tent  or 
umbrella,  the  surrounding  ground,  etc.  Changes  of  the  kind  just 
outlined  occurring  in  parts  of  the  instrument  which  are  below  the  line 
of  coUimation  of  the  telescope  can  be  shown  to  have  but  little  influ- 
ence ui^on  the  final  results,  since  they  affect  both  the  line  of  coUima- 
tion and  the  level  vial  alike,  and  may  be  considered  as  simply  influ- 
encing the  stability  of  the  instrument. 

On  the  conti'ary,  similar  changes  taking  place  above  the  line  of 
collimation  of  the  telescojie  can  be  shown  to  have  marked  system- 
atic and  cumulative  effects. 
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One  eflfect  of  unequal  changes  of  temperature  oeeurring  above  the  Mr.  Haj-forc 
line  of  collimatiou  is  to  change  the  angle  between  the  tangent  to  the 
level  vial  at  its  middle  point  and  the  line  of  collimation.  As  soon  as 
the  telescope  and  striding  level  are  placed  in  a  given  position  the 
parts  which  are  toward  the  source  of  heat  (the  sun)  tend  to  assume  a 
higher  temi)erature  than  the  opposite  parts,  and  the  efifect  of  the 
Tiuequal  exiiansion  of  the  collars  of  the  telescoi^e  and  of  the  legs  of  the 
striding  level,  and  of  distortion  of  the  vial  itself,  is  to  cause  the 
bubble  to  crawl  slowly  toward  the  source  of  heat.  Thus  the  bubble 
always  tends  to  be  nearer  the  sun  than  it  would  be  if  all  i^arts  of  the 
instrument  were  always  at  the  same  temperature.  The  ultimate  effect 
of  this  is  to  make  the  corrected  rod  reading  too  small  when  taken  upon 
rods  toward  the  sim  from  the  instrument,  and  to  make  readings  taken 
upon  rods  away  from  the  sun  too  large.  These  errors  combine  in  their 
eftect  upon  the  computed  elevations,  and  tend  to  make  the  elevations 
carried  toward  the  sun  too  great,  and  vice  versa. 

It  may  be  remarked  in  passing  that  this  explanation -also  applies  to 
the  aiithor's  method  of  leveling.  If  the  bubble  tends  to  crawl  toward 
the  sun  on  account  of  expansion  of  the  sun-ward  end  of  the  stx-iding 
level  and  of  the  sun-ward  collar,  and  on  account  of  direct  distortion  of 
the  level  vial,  and  is  held  back  from  such  movement  by  use  of  the 
micrometer  screw  when  taking  readings  on  a  rod  toward  the  sun,  the 
Tod  reading  is  necessarily  too  small,  the  line  of  sight  having  been 
inclined  do^-nward  by  the  act  of  holding  back  the  bubble.  The 
reverse  wUl  be  true  in  reading  ujion  a  rod  away  from  the  sim.  These 
errors  will  combine  as  indicated  above  and  make  all  elevations  carried 
toward  the  sun  too  great,  and  vice  versa. 

Is  this  explanation  quantitatively  sufficient  to  account  for  system- 
atic errors  which  were  found  in  the  old  C.  &  G.  S.  leveling?  Do  the 
laws  corresponding  to  this  explanation  agree  with  the  actual  results 
of  the  leveling?  As  to  the  first  question  it  may  be  stated  that  the 
changes  of  temperature  required  are  exceedingly  small,  diff'erences  of 
less  than  0.1^  Cent,  between  the  two  collars  or  two  legs  of  the  striding 
level  being  sufficient  to  account  for  1  mm.  per  kilometer.  The  follow- 
ing paragraphs  are  given  in  response  to  the  second  question. 

During  the  progress  of  the  leveling  along  a  given  line  the  sun  is 
steadily  changing  in  azimuth  during  each  day  and  the  temperature 
error  at  present  under  consideration  is  necessarily  undergoing  corre- 
siJonding  changes.  The  temperature  error  remaining  in  the  final 
result  from  a  long  line  of  levels  should  be  that  corresponding  to  the 
average  direction  of  the  level  line  and  the  average  efiective  azimuth  of 
the  sun  during  the  hours  of  observation.  This  average  effective 
azimuth  will  be,  for  C.  &  G.  S.  work,  a  little  west  of  south,  both 
because  the  afternoon  period  of  observation  is  upon  an  average 
slightly  longer  than  the  forenoon  period  and  because  the  amount  of 
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[r.  Hayford.  heat  reflected  from  the  ground  and  other  objects  toward  the  instru- 
ment from  the  direction  of  the  sun  will  be  much  greater  during  the 
comparatively  dry  afternoon  hours  than  during  the  moist  morning 
hours.  This  agrees  with  the  fact  stated  above  that  the  maximum  sys- 
tematic correction  occurs  on  an  average  for  a  line  12°  west  of  south  or 
east  of  north. 

These  systematic  temi^erature  errors  should  be  expected  to  be 
much  smaller  in  cloudy  than  in  sunny  weather;  much  smaller  on  a 
line  run  in  the  shade  of  trees  or  over  grass  than  on  a  line  unshaded 
from  the  sun  or  over  the  bare  ballast  of  the  railroad  track;  should  be 
expected  to  depend  intimately  upon  the  care  taken  to  protect  the 
instrument  from  the  sun  and  from  reflected  heat  from  surrounding 
objects;  and  should  be  expected  to  increase  as  the  length  of  time  that 
the  instrument  stands  at  the  station  is  increased.  The  resulting  sys- 
tematic errors  on  various  Lines  due  to  this  cause  will,  therefore,  be 
exjjected  to  vary  widely  in  magnitude. 

On  certain  of  the  lines  run  by  the  C.  &  G.  S.  previous  to  1899  the 
double  simultaneous  method  was  used.  On  these  lines  the  two  rods 
were  usually  known  as  P  and  Q.  One  of  the  double  lines  was  run 
entirely  with  the  P  rod  and  the  other  with  the  Q  rod,  and  at  each 
.  instrument  station  all  readings  ujion  the  P  rod  were  taken  before  the 
corresjDonding  readings  on  the  Q  rod.  The  observations  on  the  Q  line 
were,  therefore,  always  taken  later  than  those  on  the  P  line,  and  if  the 
above  theory  in  regard  to  the  temperature  errors  is  correct  it  should 
be  true  that  upon  an  average  the  Q  line  should  have  a  larger  error 
than  the  P  line,  the  diff'erences  of  temjierature  having  had  more  time 
to  accumulate  before  the  observations  were  made.  It  happens  that 
here  are  four  such  lines,  aggregating  a  total  length  of  1  000  km.,  for 
which  the  corrections  are  known  with  considerable  accuracy.  In  each 
of  these  cases  the  Q  line  is  farther  from  the  truth  than  the  P  line,  and 
the  errors  of  both  lines  have  the  same  sign,  in  accordance  with  the 
theory  advocated. 

If  the  Q  line  is  always  farther  from  the  truth  than  the  P  line,  the 
divergence  between  the  P  and  Q  lines  should  be  systematic  with  re- 
spect to  the  direction  of  the  line,  just  as  the  error  of  either  one  is  sys- 
tematic "with  resj)ectto  direction,  that  is,  the  sign  of  the  discrepancy 
P — Q  should  be  idIus  for  a  line  running  a  little  east  of  north  and  minus 
for  a  line  in  the  opjsosite  direction,  and  should  approach  zero  for  a 
line  running  nearly  at  right  angles.  As  a  further  test  upon  the  theory, 
this  supposition  was  examined  on  all  the  available  lines  leveled  in  this 
manner,  nearly  2  400  km.  in  all,  and  57%"  showed  a  discrej)ancy  P — Q 
in  agreement  with  the  theory,  and  43%  disagreed.  The  discrepancies 
of  those  lines  which  agreed  with  the  theory  were  about  three  times  as 
large  as  those  which  disagreed. 

A  still  further  test  of  this  same  matter  of  the  relation  of  the  discrep- 
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iiury  P — <j>  ami  the  tliroi'tiou  of  tlie  line  was  iiiaili-  hy  cxamiuiug  the  Mr.  Huyforcl. 

same  lines  by  separating  them  into  sections  at  points  where  tliere 

were  marked  changes  in  the  general  direction,  and  comparing  the  rate 

of  divergence  of  the  P  and  Q  lines  on  each  section  with   the  rate 

of  divergence  on  the  i>recoding  and  following  section.     If  the  theory 

advanced  is  correct,  whenever  the  direction  of  the  line  changes  in 

such  a  way  as  to  approach  the  direction  12^  west  of  south  the;  minus 

rate  of  the  divergence  between  the  two  lines  should  increase;  and  if 

the  change  of  direction  is  such  as  to  make  it  approach  12^  east  of 

north,  the  plus  rate  of  divergence  should  increase.     The  examination 

showed  that  825*0  of  the  leveling  so  examined  agreed  with  the  theory, 

and  only  18"o  disagreed. 

It  is  important  to  note  that  the  magnitude  of  this  systematic  cor- 
rection has  been  determined  by  treating  several  thousand  kilometers 
of  leveling  done  under  ordinary  conditions,  and  that  the  above  in- 
direct tests  of  the  theory  are  also  based  upon  thousands  of  kilometers 
of  such  leveling.  The  conclusions  just  stated  must,  therefore,  be 
given  heavy  weight  in  comj^arison  with  any  deductions  from  a  few 
exijerimental  observations  over  short  lines  and  covering  but  a  few  days 
or  hours. 

It  is  important  to  note  that  the  same  tests  being  applied  to  the 
leveling  by  the  Corps  of  Engineers,  in  which  a  simple  method  was 
used  involving  but  a  short  observing  i^eriod  at  each  station,  failed 
to  indicate  any  apjjreciable  systematic  temperature  error.  The 
author's  method  of  observing  is  intermediate  between  the  old  C.  &  G. 
S.  method  and  the  Engineer  method,  and  the  writer,  therefore, 
believes  that  his  leveling  is  probably  subject  to  a  systematic  tempera- 
ture error  which  is  considerably  smaller  than  that  in  the  old  C.  &  G. 
S.  leveling.  The  construction  of  the  instrument  used  by  him  is  also 
such  as  to  warrant  the  supposition  that  a  temperature  error  of  the 
kind  indicated  must  exist  in  the  results. 

The  reason  for  the  extraordinary  efforts  to  eliminate  if  possible  the 
temperature  error,  in  designing  the  new  instrument,  should  now  be 
apparent.  The  substitution  of  the  nickel-iron  alloy,  with  a  coefficient 
of  expansion  about  as  small  as  that  of  pine,  in  the  place  of  the  bell- 
metal  and  brass  formerly  used  in  the  construction  of  the  telescope 
and  striding  level,  the  increased  protection  of  the  level  vial  by 
countersinking  it  into  the  telescope  and  surrounding  it  by  a  dead-air 
space  enclosed  by  heavy  metal  and  glass  walls,  and  the  placing  of  the 
level  vial  as  close  as  possible  to  the  line  of  collimation,  are  all  features 
designed  to  eliminate  the  temperature  error  in  the  1900  instrument. 
The  notes  indicated  in  the  last  four  columns  of  the  form  shown  in 
Table  No.  28,  were  taken  for  the  express  purpose  of  determining 
whether  the  temperature  error  was  still  ai)i)reciable  in  the  new'  level- 
ing.    If  the  forward  and  backward  runnings  on  a  certain  section  of 
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the  line  were  made  at  such  times  that  in  both  cases  the  direction  of 
progress  was  directly  toward  the  sun,  the  effect  of  the  temperature 
error  being  to  make  both  lines  run  high  toward  the  sun,  the  discrepancy 
B  —  i^  between  the  two  runnings  would  tend  to  be  of  the  minus  sign. 
Similarly,  if  in  both  cases  the  leveling  progresses  away  from  the  sun, 
the  sign  oi  B  —  F  should  be  plus.  In  short,  if  the  temperature  error 
still  existed  it  should  be  possible  to  jjredict  the  sign  of  the  divergence 
of  B  —  F  for  certain  cases,  and  the  actual  signs  and  magnitudes  of  the 
discrejjancy  B  —  i*"  might,  therefore,  be  used  to  detect  the  temperature 
error.  Such  a  test  was  aj^plied  carefully  and  in  detail  to  each  of  the 
three  lines  run  in  1899.  It  indicated  that  even  with  the  instrument  of 
the  intermediate  type  used  during  that  year  the  temperature  error,  if 
it  existed  at  all,  was  so  small  as  to  escajie  detection. 

This  particular  form  of  test  was  not  available  in  connection  with 
the  old  C  &  G.  S.  leveling,  because  the  necessary  notes  as  to  time  of 
day  and  direction  of  the  line  and  weather  conditions  were  not  taken. 

Mhior  Comments. — The  writer  agrees  completely  with  the  author  in 
regard  to  the  desirability  of  simultaneous  reading  of  the  rod  and 
bubble  when  it  is  desired  to  obtain  either  accurate  or  rapid  observa- 
tions (page  41).  The  writer  also  agrees  with  the  comment  made  on 
the  French  bubble-reading  device  (page  8)  to  the  effect  that  it  does 
not  accomplish  satisfactorily  the  primary  object  for  which  it  was 
designed,  namely,  to  enable  the  reading  of  the  bubble  and  rod  to  be 
made  simultaneously.  It  maybe  noted  that  the  reading  device  on  the 
1900  C.  <fc  G.  S.  level  makes  the  reading  of  the  rod  and  bubble  as 
nearly  simultaneous  as  is  possible,  it  being  so  constructed  that  the 
distance  between  the  eyepiece  of  the  telescojie  and  the  eyepiece  of  the 
reading  device  is  adjustable  to  fit  the  distance  between  the  eyes  of  the 
observer  using  it;  the  focus  of  the  reading  device  is  adjustable,  and  no 
movement  of  the  eyeballs  is  necessary  w-hen  the  attention  is  changed 
from  the  rod  to  the  bubble.  In  the  opinion  of  the  writer,  the  inclined 
mirror  does  not  accomplish  the  purpose  so  well  as  the  1900  reading 
device,  for  the  reason  that  the  observer  must  change  the  direction  of 
his  line  of  sight  in  looking  from  the  image  of  the  bubble  in  the  mirror 
to  the  rod,  or  vice  versa  ;  that  he  is  likely  to  be  troubled  by  distracting 
images  of  surrounding  objects  in  the  inclined  mirror,  and  that  the 
observer  is  forced  to  hold  his  head  in  such  a  position  that  the  two  eyes 
are  nearly  in  the  same  vertical  jjlane.  He  must,  therefore,  hold  his 
head  on  one  side,  and  is  forced  to  set  up  the  instrument  several  inches 
lower  than  is  necessary  when  using  a  reading  device  which  allows  him 
to  stand  in  a  natural  erect  position. 

The  author's  jsoint,  that  the  ordinary  wye-level  is  very  imperfect  in 
principle  and  is  not  conducive  to  quick  work,  seems  well  taken  (pages 
4  and  14).  The  plan  used  on  all  i^recise  levels,  of  mounting  the  tele- 
scope in  such  a  way  that  it  is  controlled  by  a  micrometer  screw  under 
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the  eve  eud,  is  couducive  to  rapid  work,  and  may  l)o  introduced  to  Mr.  Hayford. 
advantage  on  ordinary  instruments.  The  same  statement  is  true  of  the 
various  devices  for  reading  the  bubble  without  moving  away  from  the 
eye  end  of  the  telescope.  The  use  of  a  direct-reading  rod  or  "  speak- 
ing rod  "  in  the  place  of  a  target  rod  is  also  conducive  to  rapidity. 
The  writer  believes  that  any  class  of  leveling  can  l)e  done  more  rapidly 
with  the  C.  »fe  G.  S.  1900  level,  or  an  instrument  of  the  same  tyjje 
provided  with  a  less  sensitive  vial  for  rough  Avork,  and  by  using  direct- 
reading  rods,  than  can  be  done  with  the  ordinary  wye-level  and  target 
rod.  The  observer  will  usually  read  the  three  lines  against  the  rod 
much  more  quickly  than  he  can  indicate  to  a  rod  man  the  jioint  at 
which  the  target  must  be  placed  to  obtain  the  same  acciiracy.  The 
manipulations  of  the  instrument  can  certainly  be  made  more  rapidly. 
In  suppoi't  of  this  opinion,  attention  is  called  to  the  statements  of  the 
actual  i^erformances  of  the  1899  and  1900  C.  &  G.  S.  levels  given 
under  the  heading  "  Speed  and  Accuracy  of  Coast  and  Geodetic  Survey 
Leveling,  1899-1900."     Page  171. 

The  author  considers  the  fact  that  the  horizontal  axis  in  the  Men- 
denhall  instrument,  about  which  the  telescojae  rotates  under  the 
action  of  the  micrometer  screw,  intersects  the  vertical  axis  of  the 
instrument,  an  advantage,  and  imjilies  (pages  6,  7  and  11)  that 
when  the  horizontal  axis  is  not  so  located  there  are  appreciable  changes 
in  the  height  of  instrument  between  corresponding  fore  sights  and  back 
sights  on  accoimt  of  the  re-leveling.  This  argument  against  jilacing 
the  horizontal  axis  in  the  usual  jjosition  has  frequently  been  advanced 
by  others.  Is  it  a  valid  argument?  The  pi-actice  among  C.  .t  G.  S. 
observers  is  to  notice  at  the  beginning  of  the  day's  work  the  reading 
of  the  micrometer  head  tor  which  the  telescope  is  at  right  angles  to  the 
vertical  axis;  in  other  words,  such  a  reading  for  the  micrometer  that 
the  bubble  of  the  level  will  remain  in  a  fixed  jjosition  when  the  instru- 
ment is  reversed  in  azimuth  after  being  accurately  leveled  ujj.  After 
once  getting  this  reading  in  mind,  and  it  will  ordinarily  remain 
constant  within  two  or  three  divisions  of  the  micrometer  all  day  long, 
he  jjlaces  the  micrometer  at  that  reading  when  the  instrument  is  set 
up  and  then  finds  that  when  the  change  is  made  from  the  back  sight 
to  the  fore  sight,  or  vice  versa,  that  the  reading  of  the  micrometer  head 
needs  to  be  changed  by  something  less  than  ten  divisions  and  often 
not  more  than  two  or  three.  If  the  total  change  is  even  as  great 
as  eleven  divisions,  corresponding  to  about  30  seconds  of  arc,  the 
height  of  the  instrument  is  changed  by  about  one-seven-thousandth  of 
the  distance  from  the  vertical  axis  to  the  horizontal  axis,  or,  in  the 
case  of  the  1900  level,  by  about  Jq  mm. ,  a  quantity  which  is  negligible 
for  a  single  station,  esjDecially  as  it  is  as  likely  to  be  of  the  contrary  sign 
to  the  same  sign  at  the  next  station.  To  guard  against  this  very  small 
and  compensating  error  by  introducing  new  diflficulties  for  the  instru- 
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Mr.  Hayford.  ment  maker  by  requiring  liim  to  make  the  vertical  and  horizontal  axes 
intersect  seems  to  be  an  error  of  judgment. 

Table  No.  3  is  given  to  show  that  the  effect  of  solar  attraction  is 
indicated  by  the  author's  leveling  in  1898  and  1899.  If  the  solar  attrac- 
tion were  appreciable  there  should  be  a  large  pre^Donderance  of  minus 
signs  in  Group  1  of  that  table,  and  of  plus  signs  in  Group  2,  while 
Groups  3  and  4  should  each  show  no  well-marked  preponderance  of 
either  sign.  As  a  matter  of  fact,  the  preponderance  of  signs  in  Groups 
1  and  2  is  no  more  marked  than  in  3  and  4,  and  it  does  not  seem 
reasonable,  therefore,  to  assert  that  the  table  contains  any  evidence  of 
solar  attraction. 

The  author  maintains  that  a  reversible  striding  level  is  an  absolute 
necessity  on  a  i^recise  leveling  instrument.  He  states,  as  his  reason, 
that  "no  reliance  should  be  placed  on  the  capability  of  a  level  tube 
for  holding  its  horizontal  adjustment,"  and,  that  "  The  only  rational 
elimination  of  this  error  can  be  accomplished  by  taking  obsei*vations 
for  each  sight  with  the  level  tube  direct  and  reversed."  Such  a  state- 
ment is  an  indication  of  the  quality  of  the  particular  instrument  with 
which  the  author  is  most  familiar.  The  C.  <t  G.  S.  levels  do  not  behave 
in  the  manner  indicated.  One  of  the  1900  levels  was  carefully  put  in 
adjustment  at  Washington  in  July,  1900,  and  shipped  by  express  to  a 
point  in  Kentucky.  The  observer  there,  on  beginning  work  with  it, 
found  it  to  be  still  in  adjustment.  He  began  his  observations  on  July 
24th  without  having  touched  an  adjusting  screw  and  continued  without 
making  any  adjustment  until  Sej^tember  7th.  During  that  period  the 
value  of  C  never  exceeded  0.005  until  September  7th,  when  it  jumped 
to  4-0. 015.  The  value  0. 005  for  C  means  that  the  line  tangent  to  the  level 
vial  at  its  middle  point  makes  an  angle  of  approximately  3  seconds 
with  the  pointing  line  of  the  telescope.  The  instrument  was  adjusted 
on  Sejitember  7th  and  from  that  time  until  October  20th  C  exceeded 
0.005  only  once,  and  then  was  found  to  be  0.006,  only.  The  mean  value 
(algebraic)  of  C  dimng  the  period  September  8th  to  October  20th  was 
-j-  0. 002,  or  but  little  more  than  1  second  of  arc.  C  was  determined  regu- 
larly on  evei-y  day  on  which  observations  were  made.  If  C  equals  0.005, 
the  correction  due  to  this  error  of  adjustment  when  the  difference  of  a 
fore  sight  and  the  corresponding  back  sight  is  10  m.,  that  being  the 
maximum  difference  allowed,  is  only  0.1  mm.  In  the  comjjutation  it 
is  proj^osed  to  apply  the  corrections  whenever  appreciable,  upon  the 
assumption  that  the  error  is  constant  for  one  day  at  a  time.  When 
the  total  range  of  variation  in  the  adjustment  does  not  exceed  6  seconds 
of  arc  for  weeks  at  a  time,  as  in  this  instrument,  and  the  test  of  the 
adjustment  is  made  on  every  day  and  at  various  hours  of  the  day,  will 
the  author  contend  that  the  accuracy  of  the  leveling  has  been  api^reci- 
ably  decreased  by  substituting  such  a  fixed  level  for  the  striding  level? 

The  other  1900 instrument  behaved  nearly,  but  not  quite,  as  well  as 
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this  one.  Oue  of  the  1899  C.  iV  (1.  H.  levels,  which  was  still  in  use  Mr.  Hayford. 
duriug  the  present  year,  shows  a  similar  behavior.  It  was  in  use  from 
May  8th  to  September  12th,  during  which  time  225  miles  of  double 
line  of  leveling  were  completed.  Its  error  of  adjustment  was  deter- 
mined twice  during  each  day  of  observations.  It  Avas  adjusted  only 
once  during  the  season.  The  error  of  adjustment  exceeded  3.4  seconds 
only  six  times  during  the  whole  season. 

Especial  attention  is  called  (pages  45  and  46)  to  the  necessity  of  ac- 
curately centering  the  objective  and  of  insuring  that  the  sliding  tube 
carrying  the  eye  end  moves  in  a  straight  line.  This  is,  of  course,  more 
important  for  a  level  telescope  of  the  non-reversible  type  used  in  the 
1900  C.  &  G.  S.  instrument  than  for  the  reversible  type  of  telescope. 
It  is  necessary  to  insure  within  certain  limits  in  the  non-reversible  tele- 
scope that  the  point  in  the  reticule  defined  by  the  middle  thread,  or 
rather  the  mean  of  the  three  threads,  moves  in  a  straight  line  j)assing 
through  the  optical  center  of  the  objective  during  the  process  of  focus- 
ing. A  little  investigation  shows  that  it  is  not  difficult  to  secure  this 
condition,  within  the  required  limits,  in  the  instrument  shop.  It  is 
important,  however,  to  note  that  when  the  reticule  in  such  a  non- 
reversible telescojje  has  once  been  adjusted  to  the  proper  position,  that 
this  adjustment  must  not  be  disturbed  in  the  field.  All  field  adjust- 
ments must  be  made  by  moving  the  level  vial  and  not  by  moving 
the  reticule. 

On  page  55,  a  possible  heaving  or  settling  of  the  instrument  or 
rods,  as  an  explanation  of  the  systematic  differences  often  noted  be- 
tween forward  and  backward  lines,  is  dismissed  quickly  without  an 
adequate  discussion.  It  is  apparently  assumed  that  if  the  turning 
point  pins  "  are  scarcely  susceptible  to  any  heaving  or  settling  of  suffi- 
cient magnitude  to  be  readable  with  an  instrument,  even  at  a  very 
short  range,"  that  it  is  proved  that  no  appreciable  systematic  errors 
can  arise  from  the  cause  under  consideration.  The  systematic 
divergences  between  forward  and  backward  lines,  which  have  been 
accounted  for  frequently  in  the  literature  of  leveling  as  having  resulted 
from  rising  or  settling  of  the  rod  sujjports  or  of  the  instrument,  have 
seldom  exceeded  0.25  mm.  per  kilometer  of  line  run,  and  have  more 
frequently  been  less  than  0. 1  mm.  per  kilometer  than  more.  To  ac- 
count for  an  error  of  0.1  mm.  in  a  single  kilometer,  supposing  that 
there  are  seven  stations  (average  sight  71  m.),  if  it  be  assumed  that 
each  rod  support  (7)  and  each  instrument  suijport  (7)  had  a  systematic 
tendency  to  settle  (or  rise),  requires  that  each  movement  should  be  on 
an  average  0.007  mm.,  if  they  are  all  of  the  same  sign.  This  quantity  is 
not  readable  with  a  leveling  instrument,  but  is  sufficient  to  produce  the 
error  for  which  an  explanation  is  sought.  To  assert  that  the  rod  and 
instrument  sujiports  are  not  subject  to  changes  of  that  magnitude  is  to 
assert  that  they  have  an  exceedingly  high  and  improbable  degree  of 
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Mr.  Hayford.  stability.  To  account  for  an  error  of  0. 25  mm.  in  a  single  kilometer  by- 
movements  of  the  rod  sujiports  alone,  the  systematic  movements  of 
the  instrument  being  eliminated  by  the  method  of  observation,  which 
is  the  case  if  half  of  the  fore  sights  are  taken  before  the  corresj)onding^ 
backsights,  requires  a  systematic  settling  (or  rising)  of  less  than  0.04 
mm.  at  each  point,  a  quantity  which  is  still  not  readable  on  the  rod 
with  the  leveling  instrument.  Is  it  not  true  that  this  source  of  error 
is  sufficiently  dangerous  to  make  it  imperative  that  all  lines  should  be 
run  in  both  the  forward  and  backward  direction  and  the  mean  taken, 
if  the  highest  degree  of  accuracy  is  desired? 

The  requirement,  stated  without  modification  on  page  74,  that  the 
recorder  and  the  rodmen  of  a  leveling  party  should  be  college 
graduates  is  at  least  oi^en  to  question.  The  computation  required  of 
the  recorder  consists  simply  of  adding  and  subtracting,  and  dividing 
by  two  or  three.  It  is  essential  that  he  should  be  a  man  who  is  careful 
and  conscientious,  and  who  can  make  such  simple  computations  as  are 
required  of  him  with  accuracy  and  rajaidity.  The  rodmen  must  be 
men,  or  youths,  who  will  take  an  interest  in  the  work  and  obey  orders. 
All  must  be  willing  to  hurry,  and  each  must  have  the  physique  to  stand 
the  work  and  the  stomach  to  stand  the  changing  fare.  These  qualities 
can  be  found  without  difficulty  among  those  who  have  never  been  to 
college,  and  to  require  such  an  education  is  surely  arbitrary. 

On  page  77  the  statement  is  made  that  ' '  On  some  recent  Govern- 
ment work,  a  system  of  single  lines  has  been  adopted  with  the  expecta- 
tion of  checking  or  closing  the  work  by  leveling  in  large  polygonal 
lines  forming  a  net." 

This  statement  is  followed  by  a  jDrediction  as  to  the  errors  which 
would  develoj)  in  such  a  case.  The  only  recent  work,  within  the 
writer's  knowledge,  which  has  been  done  in  the  manner  stated  is  a  por- 
tion of  a  line  run  in  1899  between  Gibraltar,  Mich.,  at  the  west  end  of 
Lake  Erie,  and  Cincinnati,  Ohio.  Three  different  jiortions  of  this  line 
were  run  as  long  loops  by  leveling  continuously  southward  along  one 
railroad  and  then  returning  to  the  starting  i^oint  along  another 
parallel  railroad  or  canal  towj)ath.  In  each  case  the  leveling  was 
carried  continuously  in  a  counter-clock-wise  direction  around  the  cir- 
cuit as  a  single  line.  The  lengths  of  the  separate  circuits  were  82  km., 
112  km.  and  87  km.,  and  the  errors  of  closure  were,  respectively,  — 4.9 
mm.,  -f-  9.0  mm.  and  -f-  9-^  mm.  Moreover,  these  three  circuits  were 
broken  into  smaller  circuits  by  six  cross-lines  at  points  where  the  two 
railroads,  or  the  railroad  and  towpath  concerned,  drew  near  together. 
These  cross-lines  failed  to  develoj)  the  existence  of  any  "  serious  local 
undulations,"  the  nine  small  circuits  showing  the  same  absurdly  small 
closures  as  the  three  large  circuits.  It  is  interesting  to  note  that  the 
observer  on  this  line  believes  most  thoroughly  that  the  jmncipal  cause 
of  a  systematic  tendency  to  run  high  (or  low)  is  usually  the  settling  or 
rising  of  rod  supports. 
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Rocfs. — It  is  objected  that  the  i>arattiuing  of  level  rods  causes  the  Mr.  Hayford. 
wood  to  become  soft,  preveuts  the  i)eifect  adhesion  of  paiut  and 
increases  the  coefficient  of  expansion  50%  (page  12).  The  Coast 
and  Geodetic  Survey  has  had  i)araliiued  rods  in  continuous  use  since 
1895,  and  its  experience  does  not  justify  any  one  of  these  criticisms. 
The  strongest  objections  to  paraffined  rods  seem  to  come  from  those 
who  have  \ised  them  but  little,  if  at  all,  or  from  instrument  makers 
who  are  not  disposed  to  take  up  a  novelty. 

The  symmetrical  cross-section  of  the  rod  which  is  used  by  the 
C.  it  G.  S.  has  a  decided  advantage  over  the  T-shajjed  cross-section, 
in  that  the  rod  is  less  likely  to  warp.  It  has  the  apparent  dis- 
advantage of  affording  too  narrow  a  front  surface  for  any  complicated 
graduation. 

The  discussion  of  pins  ve7'sus  foot-jDlates  is  dismissed  with  a  single 
sentence  (page  17),  upon  the  ground  that  the  foot-plates  "  are  con- 
sidered entii-ely  out  of  date."  Foot-plates  are  still  in  use  in  the  Coast 
and  Geodetic  Survey,  and  have  been  continuously  in  use  for  many 
years.  The  discussion  of  pins  versus  foot-plates  will  probably  be  an 
endless  one,  as  there  are  good  points  on  both  sides  of  the  argument. 
It  is  the  opinion  of  the  writer  that  but  little  error  in  the  ultimate 
results  can  be  credited  to  either  the  foot-plate  or  the  j^in,  jirovided 
each  section  of  the  line  is  run  in  both  the  forward  and  backward  direc- 
tions independently  and  the  mean  taken.  It  also  seems  clear  to  the 
writer  that  the  decision  between  the  foot-plate  and  the  pin  should  be 
made  to  depend  upon  the  character  of  the  ground  over  which  the 
leveling  is  carried,  the  pin  being  probably  the  better  sujaijort  on  some 
kinds  of  soil  and  the  foot-jjlate  on  others. 

It  is  claimed  (page  14)  that  the  design  of  the  rod  shown  in  Figs. 
1,  2  and  3  "is  based  strictly  on  the  self-reading  principle,  and  thus 
enables  the  observer  to  read,  practically  without  coiinting  anything, 
from  the  coarsest  down  to  the  finest  graduation."  It  may  be  seen  by 
consulting  the  ilkistrations  of  the  C.  &  G.  S.  rod,  Plate  VI,  that 
in  its  graduation  an  attempt  has  also  been  made  to  eliminate  the 
necessity  of  counting.  On  each  decimeter  the  2- cm.  point  is  marked 
by  the  ujiper  edge  of  a  white  rectangle  containing  a  figure,  the  4-cm. 
by  the  lower  edge  of  a  black  rectangle,  the  5-cm.  is  marked  by  a  white 
diamond,  the  6  by  the  upj)er  edge  of  a  black  rectangle,  the  8  by  the 
lower  edge  of  a  white  rectangle,  and  finally  the  zero  and  10  by  the 
center  of  a  white  rectangle  containing  a  figure.  It  is  not  necessary  to 
count  higher  than  2  to  identify  any  centimenter,  even  when  the  dis- 
tinction between  the  black  rectangles  and  the  unpainted  portion  of 
the  rod  disapjjears.  It  is  important  to  note  that  there  are  no  marks 
on  the  rods  having  a  least  dimension  of  less  than  1  cm.,  and  that  all 
areas  of  color,  with  the  exception  of  the  5-cm.  mark,  are  rectangular. 
The  markings  will,  therefore,  remain    distinct   for  greater  distances 
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Mr.  Haj-ford.  and  more  furious  vibration  of  the  air  than  will  those  of  any  design 
having  smaller  areas  of  color  or  many  sharp  points. 

The  author  indicates  on  pages  14  and  53  his  reasons  for  be- 
lieving that  a  2-mm.  graduation  should  be  furnished  in  addition  to 
the  centimeter  graduation.  In  this  oj^inion  he  does  not  stand  alone, 
as  the  same  principle  is  advocated  by  some  European  authors.  The 
C.  &  G.  S.  rod  carries  no  graduation  finer  than  single  centimeters,  be- 
cause it  is  known  that  under  the  actual  conditions  of  work  the  2-mm. 
graduation  will  be  readable  only  on  short  sights.  On  such  short 
sights  occurring  at  the  end  of  a  section  of  the  line  when  a  connec- 
tion is  about  to  be  made  with  a  bench-mark,  or  in  climbing  a  very 
steep  grade,  the  centimeter  graduations  can  be  read  with  greater 
accuracy  than  ordinarily.  To  add  a  2-mm.  graduation  for  use  in 
such  cases  is  to  strengthen  the  strongest  j^art  of  the  line,  and  is, 
therefore,  a  refinement  which  is  of  little  value,  although  it  does  no 
harm  if  there  is  room  on  the  rod  for  the  additional  graduation.  It 
is  pertinent  to  note  that  the  rods  used  under  the  direction  of  the 
United  States  Corps  of  Engineers  carry  no  graduations  smaller  than 
1  cm. 

The  writer  fails  to  see  the  advantage  of  placing  the  zero  of  the 
graduation  nearly  5  cm.  above  the  foot  of  the  rod.  The  C.  &  G.  S. 
practice  is  to  put  the  zero  of  the  graduation  at  the  foot  of  the  rod, 
and  no  difficulty  is  found  in  maintaining  that  relation  within  narrow 
limits. 

The  author  condemns  the  past  j^ractice  of  applying  a  constant  rod 
correction  for  the  whole  season  (page  51  j,  and,  going  to  the  opposite 
extreme,  advocates  a  direct  measurement  of  the  rod  Tsith  a  steel  tape 
three  times  a  day  (page  17),  or  even  at  the  beginning  and  end  of  each 
stretch  (page  51).  It  would  seem  that  the  frequency  with  which  the 
rod  should  be  measured  depends  upon  the  accuracy  with  which  the 
rod  in  question  holds  a  constant  length,  and  that  the  necessary  fre- 
quency of  measurement  cannot  be  decided  in  the  ofi'-hand  manner  in- 
dicated on  the  pages  cited.  The  various  measurements  of  the  C.  &  G.  S. 
paraffined  rods  made  between  field  seasons  at  the  office  during  past 
years,  and  in  the  field  once  or  twice  a  month  during  1899  and  1900  in- 
dicate that  after  a  jjaraffined  rod  has  once  been  fully  seasoned  by  actual 
use  in  the  field  or  by  exposure  to  temperatures  as  high  as  it  will  ex- 
perience in  the  field,  it  will  hold  a  constant  length  within  a  range  but 
little  greater  than  1  j^art  in  10  000,  or  0.1  mm.  per  meter.  This  state- 
ment includes  all  variations  due  to  changes  in  the  humidity,  or  other 
causes,  except  changes  of  temperature,  the  measurements  having  been 
reduced  to  a  fixed  temperature  by  using  the  coefficient  of  expansion 
0.000004  per  degree  Centigrade.  The  present  C.  &  G.  S.  practice,  of 
measuring  the  rods  with  great  accuracy  between  field  seasons  and 
measuring  them  with  a  steel  tape  once  or  twice  a  mouth  diu'ing  the 


DISCUSSION    OX    I'lJEClSE    Sl'IUlT    LEVELING.  IGl 

spnson,  limits  the  possible  errors  from  the  canse  under  discussion  to  Mr.  Hayford 
nnic'h  less  than  one  ten-thous^andth  of  tbo  ditterence  of  height  meas- 
ured.    Under  these  conditions,  daily  nieasiirements  of  the  rods  seem 
to  be  unwarranted. 

During  the  j)rocess  of  seasoning  the  paraflSned  rods  usually  increase 
slightly  in  length. 

CoUar  Inequality. — The  author's  statement,  on  page  60,  that  the 
commonly  accepted  method  of  determining  the  inequality  in  telescope 
collars  is  erroneous,  and  that  "  many  of  the  constant  errors  frequently 
encouutei-ed  in  leveling  operations  and  attributed  to  a  great  variety  of 
causes,  principally  personal  equation  and  settlement  or  heaving  of  in- 
strument or  rods,"  may  be  accounted  for  by  this  error,  into  which  all 
who  have  dealt  with  this  matter  have  fallen,  is  surely  startling.  The 
statement  is  made  again,  on  j)ages  69  and  70,  that  the  usually  accepted 
method  of  determining  the  collar  inequality  "has  already  been  ex- 
plained and  found  erroneous."  At  various  other  points  in  the  text 
the  author  indicates  with  emphasis  the  importance  he  attaches  to  this 
matter.  Were  the  author's  supposition  true,  not  only  would  all  who 
have  dealt  with  precise  levels  be  involved  in  confusion  at  the  discovery 
of  such  a  mistake,  but  so  would  several  generations  of  astronomers 
who  have  used  the  same  method,  and  set  it  forth  in  their  writings,  in 
connection  with  the  determination  of  the  inequality  of  the  pivots 
of  astronomical  transits  used  for  the  determination  of  time.  It  is 
imjjortant,  then,  that  the  alleged  proof  of  the  error  of  the  usiially 
accepted  theory  should  be  carefully  examined. 

The  first  thing  that  attracts  the  attention  of  one  who  makes  the 
examination  is  the  startling  array  of  assumptions  which  are  stated  to 
be  necessary  to  prove  the  correctness  of  the  ordinary  procedure  in  de- 
termining collar  inequality  (page  47).  The  next  matter  that  will 
catch  the  eye  in  a  quick  reading  is  the  inaccui'acy  and  confusion  in  the 
statements  and  formulas  on  page  48.  In  the  figure,  w  is  marked  as  a 
distance,  and  in  lines  3  and  10  it  is  defined  as  an  inclination  or  abstract 
number,  e  is  defined  as  an  abstract  number  or  inclination  and  t  is 
stated  to  be  a  distance,  and  is  so  marked  in  the  figiire.  The  formula 
If  =  E  -\~  t  is  equivalent  to  a  statement  that  a  distance  or  abstract 
number  is  equal  to  the  sum  of  an  abstract  number  added  to  a  distance, 
an  absurdity.  Similar  absurdities  occur  at  several  points  on  the  same 
page.  Using  this  confusion  as  a  clew,  one  w'ould  naturally  look  for 
some  more  serious  error. 

A  careful  examination  will  show  that  the  author's  whole  argument 
is  completely  erroneous,  and  that  the  commonly  accejited  method  of 
determining  the  ineqiiality  of  collars  is  correct  within  attainable  limits 
of  accuracy.  He  has  confused  the  measurement  of  the  inequality  of 
the  radii  or  diameters  of  the  two  collars  with  a  measurement  of  the 
eff"ect  of  such  inequaUty  on  the  inclination  of  the  telescope  axis  and 
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Mr.  Hayford.  the  striding  level.  The  quantity  determined  is  usually  referred  to  as 
inequality  of  collars,  but  by  that  is  not  meant  inequality  of  the  radii 
of  the  collar's,  but  simply  the  effect  of  that  inequality  in  producing 
an  erroneous  position  of  the  telescope  axis  and  the  striding  level. 

The  whole  matter  may  be  made  clear  by  superposing  Fig.  15  (6) 
on  15  (a),  in  such  a  manner  as  to  make  the  two  i^oiuts  0  coincide, 
keeping  both  figures  right  side  wp.  It  must  be  kept  in  mind  that 
these  two  figures  represent  in  diagrammatic  form  a  section  at  one 
collar  through  the  striding  level,  telescope  and  cradle  suj^port  in  the 
plane  of  the  contacts  of  those  three  bodies.  The  two  circles  repre- 
senting the  eye-end  collar  will  coincide,  after  the  superposition,  0 
being  the  center  of  the  eye  end  or  larger  collar  in  both  cases.  In  the 
superposed  figure  the  relative  position  of  the  "level  tube"  and 
cradle  support  will  be  that  which  they  actually  hold  when  the  larger 
or  eye-end  collar  separates  them.  The  two  small  circles  in  the  sujjer- 
posed  fiigure,  having  centers  at  0'  and  0',  show  the  two  i^ossible 
l^ositions  in  which  the  smaller  collar  might  be  placed,  first  in  contact 
with  the  cradle  support  and  nest  in  contact  with  the  "level  tube," 
supposing  these  two  to  maintain  the  relative  positions  which  they  had 
when  the  larger  collar  was  between  them.  It  is  evident  that  under 
the  action  of  gravity  the  smaller  collar  will  take  the  lower  of  the  two 
jjositions  shown  in  the  superposed  figure  and  its  center  will  then  be  a 
distance  w  or  0  0'  below  the  position  which  the  center  of  the  larger 
collar  had  occui:)ied.  Similarly,  as  the  distance  0'  A  [of  Fig,  15  {b)\, 
A  being  a  point  on  the  striding  level,  is  fixed,  A  will  occupy  a  jjosition 
2  U-,  equal  to  0'  0',  lower  than  it  did  when  the  larger  collar  separated 
the  cradle  su^iport  and  the  "level  tube."  In  the  reversal  of  the  tele- 
scope under  consideration  the  point  A  will  have  fallen  a  distance  2  w, 
and  the  corresjionding  point  on  the  other  end  of  the  striding  level  will 
have  risen  2  w,  and  the  total  change  in  inclination  of  the  striding  level, 
which  will  be  measured  by  the  movement  of  the  bubble,  will,  there- 

4  w 
fore,  be  -y- ,  L  being  the  length  of  the  striding  level  bet  ween  its  sup- 

porting  wyes.     Similarly,  the  change  in  inclination  of  the  axis  of  the 

2  w 
telescope,  the  line  joining  the  centers  of  the  two  collars,  will  be  -^ 

X/ 

and  the  error  in  the  inclination  of  the  axis,  due  to  inequality  of  collars, 

?/' 
will  be   half  this   amount,  or    y,  which  is  one-fourth  the  change  of 

inclination  indicated  by  the  striding  level  in  accordance  with  the 
usually  accepted  theory,  and  in  accordance  with  the  method  of  com- 
putation shown  on  the  upper  half  of  page  47.  It  may  be  noted  that 
this  is  a  direct  proof,  dealing  with  the  quantity  of  which  the  measure- 
ment is  actually  required,  and  involves  no  consideration  of  the  differ- 
ence of  radii  of  the  two  collars.     On  examination  it  will  be  found  that 
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it  involves  imi)lic'itly  the  assumi)tion  that  the  angvihxr  openinj?  of  the  Mr.  Hayford. 
•wves  of  the  erndlo  support  is  equal  to,  or  nearly  equal  to,  the  corre- 
spomliup:   aufj;nlar   opeuin<(  of  the  wyes  of  the  stridiufi;  level.     For, 
unless  this  were  true,  the  two  clistances  uiarketl  w  in  the  figures  would 
not  lie  equal. 

The  author's  treatment  of  the  same  observations  would  give  a  cor- 
rection for  inclination  of  the  axis  of  the  telescope  due  to  inequality  of 
the  collars  which  is  nearly  two  and  a  half  times  as  great  as  the 
ordinary  treatment. 

On  pages  90  to  93  is  given  an  example  of  the  record  of  observa- 
tions made  at  a  river  crossing,  and  on  page  85  the  claim  is  made  that 
when  these  observations  were  reduced,  by  using  a  value  0.0635  for  the 
inequality  of  collars,  the  results  from  the  four  crossings  agreed  very 
closely,  within  2.4  mm.,  and  that  this  would  not  have  been  the  case  if 
"  the  correction  for  collar  inequality,  found  by  the  commonly  adopted 
method  of  level  tube  and  telescope  reversals,"  had  been  used.  This 
argument  will  not  bear  close  examination.  The  author  has  failed 
entirely  to  apply  any  correction  for  curvature  and  refraction  in  his 
computation.  It  is  essential  to  apply  such  a  correction  whenever 
forward  and  backward  sights  are  very  unequal  as  they  are  in  the  case 
in  hand.  The  correction  for  curvature  and  refraction  for  a  215-m. 
sight  (see  Fig.  16)  is  3.1  mm.,  for  a  211-m.  sight  is  3.0  mm.,  and  for  a 
22  or  23-m.  sight  it  is  0.0  mm.  Applying  these  necessary  corrections 
to  the  observations,  the  results  stand  as  shown  in  Table  No.  31. 

TABLE  No.  31. 


Excess 
of  fore- 
sight. 

Difference  of  Elevation. 

Line. 

Observed. 

Correction 

for 
curvature 

and 
refraction. 

Corrected 

for 
curvature 

and 
refraction. 

Corrected, 
using 
0.0635. 

Corrected, 
using 
0.0276. 

1st  direct  D, 

2d  direct  D„ 

1st  reverse  R^ 

2d  reverse  R, 

m. 

+193.7 
—188.6 
+188.6 
—192.7 

mm. 

+133.8 
+14S.1 
+146.3 
+124.6 

mm. 
+3.1 
-3.0 
-3.0 
+3.1 

mm. 
126.9 
145.1 
143.3 
127.7 

mm. 
139.1 
1H3.2 
131.4 
139.9 

mm. 
1.32.2 
139.9 
138.1 
133.0 

The  last  column  was  computed  by  using  0.0276  mm.  per  meter  as 
the  correction  for  inequality  of  collars,  that  value  being  given  on  page 
47  and  stated  to  be  the  mean  of  twenty  observations  taken  in  the 
ordinary  way.  The  last  column  but  one  shows  the  corrected  values, 
using  0.0635,  the  author's  value  of  the  correction  for  collar  inequality. 
It  will  be  noted  at  a  glance  that  the  range  of  the  four  results  is  about 
as  great  in  one  case  as  in  the  other.     The  observations  indicate  that 
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Mr.  Has^ford.  the  true  value  of  the  collar  inequality  is  between  0.0276  and  0.0635,  as 
such  an  intermediate  value  would  come  closest  to  making  the  four 
differences  of  elevation  agree.  The  remarkable  agreement  of  2.4  mm., 
shown  on  page  85,  has  now  disapjjeared,  and  with  it  the  force  of  the 
argument  based  upon  that  agreement. 

It  may  jaossibly  be  contended  that  the  correction  for  refraction 
should  be  neglected,  as  the  refraction  is  a  very  uncertain  quantity. 
The  curvature,  however,  is  not  uncertain.  It  is  positively  known  within 
very  narrow  limits.  The  corrections  used  herein  would  be  increased 
slightly  by  neglecting  the  refraction,  as  that  has  been  assumed  to  be 
one-eighth  of  the  curvature  and  of  the  contrary  sign. 

It  may  also  be  claimed  that,  as  the  curvature  and  refraction  are 
neglected  in  the  determination  of  the  inequality  of  collars,  by  the 
method  advocated  by  the  author  and  shown  on  pages  68  and  69,  this 
neglect  will  produce  errors  of  the  same  magnitude,  and  of  the  contrary 
sign,  as  those  produced  by  the  neglect  just  noted  in  the  observations 
at  the  river  crossing.  Such  an  argument,  however,  is  utterly  falla- 
cious, as  the  correction  for  curvature  and  refraction  increases  as  the 
square  of  the  distance,  whereas  the  correction  for  collar  inequality  in- 
creases as  the  first  j)ower  of  the  distance.  Hence  the  curvature  and 
refraction  cannot  be  merged  with  the  collar  inequality  by  neglecting 
to  correct  for  curvature  and  refraction  w^hen  determining  collar  in- 
equality. The  true  method  is  to  correct  for  curvature  and  refraction 
wherever  such  correction  becomes  appreciable.  If  this  had  been  done 
in  Table  No.  9  the  derived  value  of  0.0624  for  correction  for  collar 
inequality  would  have  been  decreased  slightly. 

With  the  exception  noted,  namely,  the  neglect  to  apply  the  correc- 
tion for  curvature  and  refi-action,  the  method  shown  in  Table  No.  9 
seems  to  be  correct,  and  should  give  a  value  of  the  collar  inequality  in 
agreement  with  that  of  the  ordinary  method  by  reversal  of  the  tele- 
scojDC,  except  for  unavoidable  errors  of  observation. 

The  discrepancy  between  the  various  values  of  the  collar  inequality 
determined  by  the  two  methods  seems  to  the  writer  to  be  evidence  of 
wear  in  the  instrument,  or  jDoor  observation,  rather  than  anything 
wrong  in  the  theory.  The  value  -f-  0.0235  mm.  per  meter  is  given  for 
this  correction  on  page  85,  and  +0.0276  on  page  47,  both  being  de- 
termined by  the  usual  method  by  reversals  of  the  telescope  in  the 
wyes.  The  value  0.0624  is  shown  on  page  69,  and  the  value  0.0635  is 
used  by  the  author  on  page  85.  Finally,  the  river  crossing  treated  on 
pages  90  to  93  indicates  that  the  true  value  lies  somewhere  between 
0.0635  and  0.0276.  The  great  range  of  these  values,  and  the  fact  that 
they  are  unusually  large,  is  an  indication  that  the  concentration  of  the 
wear  on  the  telescojje  collars  at  four  small  areas  has  produced  the  effect 
which  should  be  expected. 

Table  I^o.  6  and  the   Conclusions   drawn  from   it. — The   importance 
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ascribed  by  the  author  to  the  experiments  indicated  in  Table Xo.  6  may  Mr.  Haj'ford. 
be  appreciated  by  noting  the  frequency  and  character  of  the  references 
to  it.     According  to  his  statement: 

"  The  important  cumnhitive  error  is  that  produced  by  the  warping 
effect  of  the  sun's  direct  and  reflected  heat  rays  on  the  telescope  (see 
experiments  in  Table  Xo.  6).  All  other  errors  are  generally  of  a  com- 
pensating nature  when  good  instruments  are  used  "  (page  103). 

Again:  '*  The  error  shown  to  exist  iu  very  warm  weather  (see Table 
No.  6)  cannot  be  detected,  except  by  the  closure  of  a  line,  and  the  best 
and  most  careful  work  may  be  done  under  seemingly  good  conditions 
without  yielding  satisfactory  results  "  (page  79). 

On  pages  60  and  102  important  conclusions  are  also  based  upon 
this  table  as  to  the  times  of  day  and  kinds  of  weather  in  which  good 
work  can  be  done.  Finally,  page  76,  the  author  states  that  his  con- 
clusion, based  upon  Table  No.  6,  as  to  the  times  of  day  when  double 
lines  should  be  run,  "  supersedes  all  theoretical  reasoning,  being,  as  it 
is,  the  result  of  actual  observation  and  experiment." 

The  experiments  in  question  are  confined  to  a  single  day  and  a  single 
instrument  station.  Has  the  author  shown  good  judgment  in  using 
these  experiments  as  a  foundation  for  the  great  superstructure  of  far- 
reaching  conclusions  which  he  has  constructed?  Or,  if  he  has  addi- 
tional supports  for  his  superstructure,  is  he  not  unwise  in  leaving  the 
reader  in  ignorance  of  them? 

When  one  examines  the  evidence  carefully,  with  a  view  to  answer- 
ing the  above  questions,  the  fii-st  doubt  is  apt  to  arise  in  his  mind  as 
soon  as  he  notices  that  all  the  experiments  were  made  under  one  set  of 
conditions.  One  of  the  primary  conditions  which  must  be  fulfilled  by 
a  set  of  experiments,  if  the  conclusions  basedupon  them  are  to  be  thor- 
oughly trustworthy,  is  that  the  conditions  under  which  they  are  made 
must  be  varied  as  much  as  possible.  In  the  case  in  hand,  the  dii-ection 
of  the  line  observed  might  have  been  varied;  the  observations  might 
have  been  taken  on  different  days;  the  character  of  the  surface  of  the 
ground  should  have  been  varied,  and  the  eflfect  of  the  slope  of  the 
ground  should  surely  have  been  taken  into  account  as  possibly  affect- 
ing the  refraction.  As  it  is,  all  the  readings  are  taken  over  the  same 
line,  and  the  only  conditions  which  vary  are  the  time  of  day,  the  tem- 
perature, cloudiness  or  brightness  of  the  sunlight,  and  the  azimuth  of 
the  sun. 

The  mean  reading  of  Rod  5  varied  during  the  experiments  from 
1529.2  mm.  to  1529.9  mm.,  or  a  total  of  0.7  mm.  Similarly,  the  range 
of  the  readings  on  Eod  1  was  1.4  mm.  The  total  change  in  the  ap- 
parent diiference  of  elevation  of  the  two  rod  supports  is  from  287.1  mm. 
to  288.0  mm.,  or  a  total  of  .05  mm.  All  the  author's  conclusions  are 
based  upon  these  small  changes.  Is  the  internal  evidence  of  Table 
No.  6  such  as  to  make  it  unquestionably  true  that  the  accuracy  of  the 
observations  was  sufficient  to  wan'ant  anv  conclusions  drawn  from  such 
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3lr.  Hayford.  small  variations.  A  side-light  upon  this  question  may  be  gained  by 
noting  the  range  of  variation  of  the  angle  subtended  on  the  rod  by 
the  upper  and  lower  threads.  Omitting  the  first  values  given  in  the 
table,  because  the  instrument  was  raoved,  as  stated  in  the  text, 
between  the  first  and  second  observations,  the  thread  distance  on  Rod 
5  varies  from  151.6  mm.  to  152.1  mm.,  or  a  range  of  0.5  mm.,  and  on 
Rod  1  varies  from  151.8  mm.  to  152.6  mm.,  or  a  range  of  0.8  mm.  It 
should  be  noted  that  the  author's  explanation  of  the  changes  in  the 
mean  rod  readings  and  the  apparent  difference  of  elevation  in  the  rod 
supports  does  not  in  the  least  account  for  any  ajijiarent  change  in  the 
thread  distances.  If  the  eye  end  of  the  telescope  curves  downward 
during  a  part  of  the  observations,  as  he  assumes,  all  three  threads  will 
apparently  move  together  on  the  rod,  and  the  thread  distances  remain 
constant.  The  variation  in  thread  distance  which  could  be  accounted 
for  by  a  change  in  temperature  of  the  reticule  would  be  in  the  hun- 
dredths of  a  millimeter  only.  The  range  of  variation  in  thread  dis- 
tances referred  to,  viz. :  0.5  and  0.8  mm.,  must  be  due  either  to  errors  of 
observation  or  changes  in  the  difference  of  refraction  between  the  upiDer 
and  lower  lines  of  sight.  The  errors  from  either  of  these  causes  are 
equally  likely  to  affect  the  mean  readings  of  the  rods  and  the  apparent 
difference  of  elevation  of  the  rod  supports.  It  seems,  therefore,  that 
to  base  any  far-reaching  conclusions  on  a  variation  of  0.9  mm.  during 
a  set  of  observations,  when  variations  of  0.5  to  0.8  mm.  remain  unex- 
jjlained,  is  unwarranted.  The  author's  concliisions  may  possibly  be 
correct,  but  Table  No.  6,  without  suiDi^ort,  hardly  can  be  taken  as  proof 
of  such  correctness. 

It  is  stated  that  the  error  of  the  determination  of  the  difference  of 
height  of  the  two  rod  supports  in  this  set  of  experiments  became  zero 
at  8  A.  M.  and  3  p.  m.  (page  59).  An  examination  of  the  table  indicates 
then  that  the  author  considers  the  true  difference  of  elevation  to  be 
288.0  mm.  There  is  no  evidence  i)ut  forward  by  the  author  to  deter- 
mine which  of  the  many  measured  differences  of  elevation  was  the  true 
one.  What  evidence  is  furnished  that  the  greatest  of  the  measured 
values  corresponds  to  the  truth,  rather  than  the  mean  of  all  the 
measures.  A  dogmatic  statement  is  made,  without  any  effort  to 
sujjport  it.  This  statement  is  of  esiiecial  importance  as  the  conclu- 
sions, stated  in  various  other  parts  of  the  paper,  as  to  the  time  of  day 
when  good  work  can  be  done,  all  depend  upon  the  correctness  of  this 
assum^jtion  that  288.0  mm.  is  the  true  difference  of  elevation. 

The  author  states  positively  that  to  detect  temperature  errors  of  the 
class  which  he  claims  are  indicated  in  Table  No.  6  it  is  necessary  to 
close  each  stretch  of  the  line  by  making  both  the  forward  and  the 
backward  measures  during  the  same  half  of  the  day  (pages  60,  76  and 
102).  Even  if  the  author's  conception  of  the  cause  of  such  tempera- 
ture errors  be  agreed  to,  and  even  if  it  be  agreed  that  the  measurements 
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sliowu  in  Table  No.  G  are  absolutely  accurate,  the  concluHion  stated  Mr.  Ha>-torcl. 
does  not  follow.  Let  it  be  ap;reed  that  in  running  a  line  northward, 
as  indicated  in  Table  No.  (>,  the  eye  end  of  the  telescoi)e  curves  down- 
ward on  the  fore  sijj;ht  and  thus  inclines  the  line  of  sight  upward,  and 
that  the  elevations  carried  northward  will  be  too  small;  it  is  equally 
true  that,  if  the  direction  of  the  running  wei-etothe  southward,  under 
the  same  conditions,  according  to  the  author's  theory  the  fore  sight, 
which  would  then  be  toward  the  sun.  would  be  undisturbed,  while  the 
back  sight,  taken  from  the  sun,  would  be  made  too  high  on  the  rod, 
and  the  iiltimate  effect  would  be  to  tend  to  make  the  line  run  high, 
just  as  in  the  pi-evious  case  it  w-as  supposed  to  run  low.  If  the  first 
measurement  to  the  northward  be  called  the  forward  measurement  and 
the  second  the  backward  measurement,  the  forward  measurement 
would  carry  the  measures  too  low  and  the  backward  measurement 
would  carry  them  too  high  in  the  direction  of  the  measure,  which  is 
now  reversed,  and  the  two  results  would  agree  instead  of  showing  a 
divergence.  In  other  words,  by  the  author's  theory  as  to  the  manner 
of  behavior  of  the  telescope,  it  is  necessarily  true  that  elevations  car- 
ried in  the  computation  from  one  bench-mark  to  another  which  is  in  a 
direction  away  from  the  sun  from  the  first  will  be  too  low,  regardless 
of  the  direction  in  which  the  measurements  actually  progressed,  and 
rice  versa.  To  make  the  backward  and  forward  measiirements  on  the 
same  half  day  on  an  east  and  west  line  is  to  insure  a  better  agreement 
of  the  two  measures  than  if  they  are  made  under  differing  conditions. 
This  is  the  reverse  of  the  claim  made  by  the  author,  when  apj)]ied  to 
such  a  line.  The  logical  conclusion  from  his  theory  would  be  that  if 
the  forward  measure  is  made  under  one  set  of  conditions  as  to  the 
azimuth  of  the  sun  and  cloudiness,  the  backward  measure  should  be 
made  under  conditions  as  different  as  possible  in  these  respects  if  it  is 
desired  to  make  the  temperature  error  apparent  by  producing  a 
divergence  between  the  two  lines,  as  he  claims,  and  correctly,  should 
be  done.  The  correct  conclusion  is,  for  example,  that  on  a  line  run- 
ning to  the  westward,  if  the  forward  measurement  is  made  in  the  fore- 
noon with  the  sun  behind,  and  the  measures  may  therefore  be  expected 
to  carry  the  elevations  too  low  in  the  direction  of  the  jjrogress  of  the 
measurement,  the  backward  measurement  should  be  made  in  the  after- 
noon with  the  sun  again  behind  and  with  the  line  again  running  low 
in  the  direction  of  progress. 

A  test  of  the  validity  of  the  author's  conclusion  that  this  tempera- 
ture error  may  be  as  much  as  15  mm.  per  kilometer  (see  middle  of 
jjage  60)  is  available  in  the  printed  reports  of  the  Coast  and  Geodetic 
Survey.  The  general  custom  from  the  beginning,  on  that  Survey,  has 
been  for  the  level  party  to  continue  working  throughout  the  day.  In 
the  various  sti'etches  of  line  comjirised  in  hundreds  of  miles  of  level- 
ing done  bv  the  forward  and  backward  method  it  is  necessarilv  true 
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Mr.  Haj'ford.  that  all  combinations  of  conditions  as  to  the  relative  times  of  the 
runnings  of  the  forward  and  backward  line  have  occurred,  but  no 
divergence  axijjroaching  15  mm.  jjer  kilometer  can  be  found  in  the 
observations. 

It  is  interesting  to  note  that  the  result  from  the  exjierimental  line 
run  southward  on  a  clear,  warm  day  without  any  umbrella,  stated  on 
joage  60,  agrees  with  the  theory  of  temperature  errors  stated,  in  con- 
nection with  the  leveling  of  the  Coast  and  Geodetic  Survey  previous 
to  1899,  earlier  in  this  discussion.  According  to  that  theory  a  level 
line  run  toward  the  sun  should  always  have  a  tendency  to  run  too 
high,  and,  of  course,  this  tendency  would  be  greatly  exaggerated 
when  no  umbrella  is  used. 

The  writer's  ojiinion,  then,  in  regard  to  Table  No.  6  and  the  conclu- 
sions based  upon  it,  is  that  the  evidence  of  the  table  is  too  weak  to 
sujiport  any  conclusion,  and  that  the  author's  theory  of  temperature 
errors  must  necessarily  be  supported  by  other  evidence  before  it  can 
be  accepted;  that  the  conclusion  drawn  from  the  table  that  good  woi'k 
cannot  be  done  during  the  hottest  part  of  the  day  is  not  valid;  and, 
finally,  that  the  conclusion  that  the  forward  and  backward  running  on 
any  section  of  the  line  should  be  made  on  the  same  half  day  is  utterly 
contrary  to  the  author's  own  statement  of  the  nature  of  the  e^ror  sup- 
posed to  have  been  manifested  in  the  table. 

During  Wliat  Hours  of  the  Day  should  Leveling  be  Done? — The 
author  is  not  alone  in  his  contention  that  the  hours  of  observing  should 
be  limited  to  the  beginning  and  end  of  the  day,  and  that  the  middle 
and  heated  half  should  be  avoided.  Such  a  projjosition  is  j^ut  for- 
ward in  many  places  in  the  literature  of  leveling,  both  by  direct  state- 
ment and  by  the  indirect  statement  involved  in  the  fact  that  the  hours 
of  leveling  were  actually  so  limited.  The  question  as  to  whether  the 
hours  of  work  should  be  so  limited  is  important,  because  it  is  one  of 
the  princijjal  factors  in  determining  the  speed  of  the  leveling  joer 
month  and  its  cost.  If  the  hours  of  work  are  extended  say  from  5  to 
8  hours  during  each  day,  on  an  average,  the  speed  will  be  aflfected  in 
that  ratio  and  the  cost  in  the  inverse  ratio,  since  the  main  portion  of 
the  exi^ense  of  the  party  is  a  fixed  amount  per  month.  In  view  of  this 
it  seems  that  no  sufficient  j^roof  of  the  necessity  for  limiting  the  hours 
of  work  has  ever  been  put  forward  in  so  far  as  the  writer  is  aware. 

In  general,  less  vibration  of  the  images  of  the  rod  as  seen  through 
the  telescoiJe  may  be  expected  during  the  early  and  late  hours  of  the 
day,  or  at  least  the  vibration  will  be  less  violent  than  during  the  mid- 
dle iDortion  of  the  day.  Smaller  errors  of  reading  of  the  rods  may, 
therefore,  be  expected  during  the  early  and  late  hours  than  in  the 
middle  of  the  day.  But  such  reading  errors  are  comi^ensating  in 
their  nature,  and  are  of  minor  imiDortance.  The  most  troublesome 
errors  are  those  of  the  cumulative  class. 
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It  cau  haiilly  be  couteutled  that  there  is  less  tlauger  of  errors  due  to  Mr.  IlayfoM 
hvrge  or  rapidly  changing  refractions  during  the  early  and  late  parts 
of  the  day  than  during  the  middle,  for  it  is  a  well-known  fact  that  the 
refraction  is  varyiug  most  rapidly  during  the  early  and  late  hours,  and 
that  it  is  also  much  larger  during  those  hours  than  during  the  middle  of 
the  day.  It  would  seem  that  there  is  less  chance  of  encountering  errors 
due  to  refraction  when  observations  are  taken  during  the  middle  por- 
tions of  the  day,  when  refraction  is  nearly  constant  and  is  nearly  a 
minimum,  thaa  during  the  early  and  late  hours. 

It  might  have  been  urged  with  considerable  force  that  errors  due 
to  unequal  temperature  changes  in  the  instrument  might  be  expected 
to  be  smaller  during  the  early  and  late  hours  than  during  the  middle  of 
the  day,  but,  so  far  as  the  writer  is  aware,  such  an  argument  has  never 
been  put  forward  in  the  past,  when  it  would  have  been  valid.  If 
brought  forward  now  it  will  be  of  little  weight,  since  it  is  reasonably 
certain  that  such  errors  can  be  kept  within  very  narrow  limits  by 
proper  construction  of  the  instrument  and  proper  methods  of  using 
it.  Everything  being  considered,  it  would  seem  that  the  best  plan  of 
work  is  to  continue  the  leveling  throughout  the  day.  Such  a  pro- 
cedure will  be  very  effective  in  increasing  the  speed  and  decreasing 
the  cost.  It  will  secure  a  much  wider  divergence  of  conditions  than 
the  plan  of  working  only  at  the  two  ends  of  the  day.  The  wi-iter 
believes  that  it  is  true  in  leveling,  as  it  is  true  in  general,  that  the 
truth  is  to  be  reached  by  observing  under  all  possible  conditions  and 
combining  the  results  rather  than  by  arbitrarily  selecting  one  set  of 
conditions. 

The  Principle  of  Least  Squares.— The  workman  who  does  not  under- 
stand his  tool  is  apt  to  see  more  faults  in  it  than  one  who  has  mastered 
it.  The  author  condemns  the  principles  of  least  squares  as  applied  to 
leveling,  excejjt  when  used  to  compare  the  accuracy  of  different  lines. 
The  writer  freely  concedes  that  many  absurdities  have  resulted  from 
supposed  applications  of  these  principles.  He  believes,  however,  that 
the  responsibility  for  these  absurdities  may  always  be  traced  to  the 
users  of  the  principles.  The  method  of  least  squares  is  a  most  power- 
ful instrument  in  the  hands  of  an  expert,  but  a  dangerous  plaything 
in  other  hands. 

Certain  palpable  mistakes,  in  the  application  of  least  squares  to 
the  problem  in  hand,  catch  the  eye  at  once.  The  formula  given  on 
page  95,  dr  ?-^  =  -/  ii  j--,  in  which  r„  is  the  probable  error  of  the  eleva- 
tion of  a  point  as  found  from  the  initial  point,  and  the  separate  r'  s 
are  io  each  case  the  probable  error  of  the  mean  difference  of  elevation 
of  the  bench-marks  at  the  end  of  a  stretch.  It  is  then  stated  that 
"  This  formula  is  applicable  only  when  all  stretches  are  of  equal  length, 
though  it  is  generally  used  without  regard  to  the  actual  weights  result- 
ing from  unequal  lengths."     The  statement  is  a  positive  contradiction 
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Mr.  Haj-ford.  of  one  of  the  fundamental  i^riuciples  of  the  theory  of  errors,  that  the 
l^robable  error  of  the  sum  of  several  quantities  is  equal  to  the  sum  of 
the  squares  of  the  separate  jjrobable  errors,  regardless  of  the  relative 
weight  of  the  separate  quantities.     Again,  it  is  stated  (page  102)  that: 

"  Three  single  lines  would  yield  a  theoretical  accuracy  of  1.4  times 
that  obtained  from  two  lines,  *  *  *  and  four  lines  would  give  an 
accuracy  of  1.7  times  that  from  two  lines." 

The  theoretical  accuracy  increases  as  the  square  root  of  the  num- 
ber of  measures  of  single  lines,  and  the  foregoing  ratios,  therefore, 
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should  be  \J-^  and  \|-t-  or  1.2  and  1.1,  instead  of  1.4  and  1.7  as  given. 

The  statement  that,  "When  a  line  of  levels  closes  on  itself,  thus 
forming  a  polygon,  the  resulting  error  of  the  polygon  must  be  dis- 
tributed over  the  entire  jieriphery  (either  in  proportion  to  the  length, 
or,  perhaps  better,  in  proportion  to  the  square  root  of  the  length,  from 
the  known  starting  point)"  given  on  page  111.  is  evidently  the  result 
of  a  misconcejition  of  the  jjrinciples  under  discussion. 

To  distribute  such  an  error  in  proportion  to  the  square  root  of  the 
length  from  the  known  starting  point  would  be  an  absurdity  and 
would  give  two  results  which  would  vary  widely  from  each  other 
when  the  distribution  was  made  first  in  one  direction  around  the  cir- 
cuit and  then  the  other.  It  is  stated  on  page  106,  that  when  the  theory 
of  error  is  applied  to  the  comparison  of  groups  of  observations,  "each 
group  must  contain  the  same  number  of  observations. " 

In  view  of  the  foregoing  quotations  the  condemnation  of  the  theory 
of  errors  as  applied  to  isrecise  leveling  (pages  106  and  107),  and 
especially  the  condemnation  of  the  method  of  least  squares,  as 
applied  to  the  adjustment  of  a  level  net,  should  be  given  but  little 
weight. 

Probable  Errors  and  Limits  of  Error. — Thecomjiuted  probable  error 
of  a  single  kilometer  is  a  true  measure  of  the  relative  magnitude  of 
the  errors  belonging  to  the  accidental  or  compensating  class  in  differ- 
ent lines.  Such  comparisons  are  misleading,  however,  unless  it  is 
kept  clearly  in  mind  that  the  accuracy  of  the  line  of  levels  de^Dends 
both  upon  the  comiDensating  and  the  ciimulative  errors  in  that  line. 
The  errors  of  the  second  class  are  usually  much  more  serious  than 
those  of  the  first,  in  precise  leveling.  The  probable  errors  on  two 
lines  being  known,  judgment  should  be  suspended  until  the  evidence 
as  to  the  magnitude  of  the  cumulative  errors  has  been  weighed.  For 
example,  the  first  two  groups  of  Lines  shown  in  Table  No.  21  have 
average  probable  errors  which  do  not  differ  greatly.  An  opinion  of 
the  relative  accuracy  of  these  two  groujjs  based  upon  this  fact  would  be 
grossly  at  fault,  however,  since  the  average  cumulative  error  in  one  of 
these  groups  is  many  times  that  in  the  other.  The  best  evidence  of  the 
magnitude  of  the  cumulative  errors  in  any  class  of  leveling  is  fur- 
nished by  connections  with  tide  gauges,  large  circuits  of  leveling  of 
that  class,  or  numerous  connections  with  leveling  of  some  other  class. 
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Siuiilftrly,  to  ai)in'oc'iato  the  true  sif?nificance  to  be  attached  to  a  Mr.  Hayford. 
limit  of  error,  it  sliould  he  noted  thai  it  is  essentially  a  specitication 
that  the  probable  errors  must  not  exceed  a  certain  value.     As  such,  it 
limits  the  errors  of  the  comi)eusatiu<?  class,  and  does  not  affect  the  far 
more  serious  errors  of  the  cumulative  class. 

Speed  mid  Accuracy  of  Coast  and  Geodetic  Siirvet/  Leveling,  1809- 
1900.— The  probable  errors  of  the  leveling  of  a  single  kilometer,  com- 
puted on  the  same  basis  as  the  values  in  Table  No.  21,  were,  for 
three  C.  ct  G.  S.  parties  in  1899  on  three  lines  aggregating  a  total 
length  of  1  300  km.,  or  800  miles,  ±  0.86  mm.,  ±  0.8  mm.  and  db  0.65 
mm.  The  office  computation  of  the  leveling  of  190!)  has  not  yet  been 
begun,  and  the  1900  values  are,  therefore,  not  available,  but  an  inspec- 
tion of  the  field  computations  indicates  that  the  probable  errors  will 
be  about  the  same  as  in  1899. 

The  foregoing  values  do  not  represent  the  best  that  the  instrument 
and  method  will  do,  for  the  following  reasons:  Knowing  that  the 
probable  error  and  the  limit  of  error  indicate  simply  the  magnitude  of 
the  accidental  or  comijensating  errors,  while  the  serious  errors  to  be 
feared  in  the  leveling  are  of  the  cumulative  class  and  the  compensat- 
ing errors  comparatively  unimportant,  it  seemed  that  instructions  to 
the  observers  should  be  to  use  all  possible  efforts  to  guard  against 
cumulative  errors,  but  that  no  more  time  or  money  shoiildbe  expended 
upon  the  work  than  was  necessary  to  keep  the  accidental  or  compen- 
sating errors  within  the  limit  indicated  by  a  computed  probable  error 
of  dr  1  mm.  for  a  single  kilometer.  The  limit  4  mm..^/  K  (in  which  K 
is  the  distance  between  adjacent  bench-marks  in  kilometers)  was 
chosen  as  being  about  right  to  insure  this  degree  of  accuracy,  in  so 
far  as  compensating  errors  are  concerned.  The  observers  were  not, 
however,  left  free  to  do  any  class  of  work  they  pleased,  subject  only  to 
the  condition  that  they  must  keep  inside  of  this  limit.  On  the  con- 
trary, they  were  told  to  crowd  the  limit,  so  to  speak,  by  lengthening 
the  sights  so  as  to  secure  increased  speed.  When  two  of  the  jsarties 
observed  in  such  a  cautious  manner  that  little  or  no  re-running  under 
the  limit  stated  was  necessary  they  were  promptly  reminded  that  they 
were  not  following  the  spirit  of  the  instructions,  that  too  much  caution 
was  being  used,  and  that  the  sights  should  be  lengthened.  The  eff"ect 
of  the  instructions  was,  therefore,  virtually  to  make  the  probable  error 
fall  between  rb  0.6  and  ±  1.0  mm.,  and  to  require  the  observer  to  use 
his  skill  and  judgment  in  increasing  the  speed  of  the  leveling  rather 
than  in  reducing  the  probable  error.  From  the  foregoing  it  will  be 
seen  that  the  proliable  error  secured  and  the  speed  attained  miist  neces- 
sarily be  considered  together. 

The  general  experience  of  all  organizations  which  have  done  much 
precise  leveling  indicates  that  the  real  accuracy  of  the  leveling  depends 
\ipon  the  success  in  eliminating  the  cumulative  errors  rather  than  in 
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Mr.  Hayford.  reducing  the  accidental  errors.  The  question  maybe  asked:  Upon 
what  is  based  the  writer's  ojDinion  that  the  leveling  of  1899  and  1900  is 
of  a  very  high  degree  of  accuracy,  and  that  in  it  there  are  no  large 
cumulative  errors?  Since,  as  indicated  above,  and  elsewhere  in  this 
discussion,  the  probable  error  computed  from  the  residuals  on  the 
separate  sections  is  not  considered  a  measure  of  accuracy,  the 
writer  does  not  feel  absolutely  certain  of  the  grade  of  accuracy  of  the 
1899  and  1900  leveling,  and  will  not  feel  absolutely  certain  until  such 
leveling  has  been  subjected  to  severe  tests  by  being  involved  in  many 
circuit  closures.  Nevertheless,  the  confidence  that  this  leveling, 
when  subjected  to  such  severe  tests  later,  will  not  be  found  wanting, 
is  based  mainly  upon  four  facts  stated  as  follows,  in  increasing  order 
of  importance: 

1st.  A  careful  examination  of  the  1899  leveling  by  use  of  the  notes 
as  to  weather,  direction  of  sun,  direction  of  wind  and  direction  of  line, 
taken  by  the  i^arties  during  that  season,  shows  that  the  temperature 
errors  of  the  form  discovered  in  the  old  leveling  are  exceediagly  small, 
if  jjresent  at  all,  in  the  new  leveling. 

2d.  Three  long  loops  of  single  line  were  run  in  Ohio  in  1899  by 
this  method,  their  circumferences  being  82,  112  and  87  km. ,  and  the 
closing  errors  — 4.9,  +9.0  and  +9.3  mm.,  resj^ectively.  This  is  a  very 
severe  test  of  the  method,  and  was  made  still  more  severe  by  running 
cross-lines  dividing  these  three  loops  into  nine  small  loops. 

3d.  Two  of  the  long  lines  run  in  1899,  namely,  the  line  from  Gib- 
raltar, Mich.,  to  Cincinnati,  Ohio,  and  the  line  from  Abilene,  Kans.,  to 
Sioux  City,  Iowa  (finished  in  1900),  are  now  involved  in  large  cir- 
cuits, and  the  results  indicate  the  correction  required  by  each  to  be 
exceedingly  small. 

4th,  and  most  important:  It  must  be  noticed  that  the  method  of 
observation  resembles  very  closely  in  all  essential  features  that  which 
has  been  used  by  the  Corps  of  Engineers  for  many  years,  and  of  which 
the  results,  judged  by  the  closing  errors  of  large  circuits,  the  most 
severe  test  which  can  be  applied  to  any  leveling,  are  unexcelled  in 
accuracy  up  to  the  present  time  by  any  leveling  in  any  country,  so  far 
as  the  writer  is  aware. 

It  may  be  noted  that  in  the  preceding  paragraphs  no  reference  has 
been  made  to  the  divergence  between  forward  and  backward  lines  as 
a  measure  of  accuracy.  The  writer  has  failed  to  observe  in  the  pub- 
lished results  of  leveling  any  relation  between  the  magnitude  of  the 
divergence  of  forward  and  backward  lines  and  the  accuracy  of  such 
lines  as  indicated  by  the  severe  tests  furnished  by  circuit  closures,  and 
he,  therefore,  believes  that  the  magnitude  of  such  divergence  should 
be  given  little  weight  in  measuring  the  accuracy  unless  the  divergence 
is  excessive.  It  is,  i^erhaps,  necessary  to  call  attention  especially  to 
the  fact  that  this  statement  is  limited  to  lines  which  are  run  bv  the 
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lorwiird  aiul  back  ward  motbod,  in  wbicli  tbo  efleet  of  systematic;  si-t-  Mr.  Ilayford. 
tling  or  risinp;  of  tbe  rod  supports  is  given  an  opportunity  to  manil'ost 
itself  and  is  eliminated  from  tbe  results.  It  is  not  applied  to  double 
lines  in  wbieb  l)otb  tbe  comi)ouents  are  run  in  tlie  same  direction.  Tbe 
average  divergence  of  tbe  forward  and  backward  lines  for  tbe  tbree 
C.  <fe  G  S.  parties  in  1899  were,  respectively,  0.20,  0.51  and  0.08  mm. 
per  kilometer  of  double  line.  Divergences  of  tbe  same  magnitude  as 
these  may  be  found  in  many  lines  of  the  Corps  of  Engineers  which 
have  subsequently  been  shown  by  circuit  closures  to  be  unstarpassed 
in  accuracy.  It  is  also  in  point  to  note  that  one  of  tbe  1899  lines,  hav- 
ing a  divergence  of  0.51  mm.  per  kilometer,  is  now  involved  in  the  cii-- 
cuit,  Abilene — Kansas  City — Sioux  City — Abilene,  which  has  closed  so 
well  as  to  leave  no  doubt  of  the  accuracy  of  the  line. 

In  stating  the  rapidity  of  observation,  the  number  of  minutes  per 
station,  speed  per  hour  and  sjieed  per  month  offer  convenient  bases  of 
comparison.  Seven  minutes  per  station,  which  is  said  by  the  author 
(page  112j  to  be  the  time  required  to  walk  between  stations,  set  up  tbe 
instrument  and  take  the  readings,  under  exceptionally  good  circum- 
stances with  clear  steady  air,  seems  to  corresjiond  toabout  the  average 
speed  for  C.  &  G.  S.  parties,  even  though  they  work  throughout  the 
day.  On  June  20th,  1900,  Mr.  O.  W.  Ferguson,  with  a  level  of  the  1899 
model,  observed  between  7.10  a.  m.  and  noon,  and  1.45  and  6.15  p.  ji., 
total,  9  hours  and  20  minutes,  and  during  that  time  occupied  111 
stations,  or  an  average  of  5.0  minutes  per  station.  Tbe  length  of  sight 
on  this  day  varied  from  a  little  less  than  40  to  about  80  m.  On  Se^jtem- 
ber  26th,  1900,  the  party  under  Mr.  W.  H.  Burger,  using  a  level  of  the 
1900  model,  was  engaged  in  running  a  line  over  very  rough  ground,  on 
which  it  was  necessary  to  take  very  short  sights.  Tbe  period  of 
observation  was  from  7.30  a.  m.  to  noon  and  from  1.40  to  5  p.  ii.  The 
total  number  of  stations  during  tbe  working  i^eriod  of  7  hours 
and  50  minutes  was  120,  making  tbe  average  time  per  station  4.6 
minutes. 

The  writer  does  not  know  that  these  are  tbe  best  examples  that 
could  be  given.  A  more  careful  examination  of  tbe  record  may  show 
still  more  rapid  work.  These  are  especially  interesting  as  indicating 
how  rapidly  tbe  instruments  may  be  manipulated  and  tbe  observations 
taken,  in  tbe  very  simple  method  now  in  use,  and  will  probably  bear 
comparison  with  work  done  with  the  ordinary  wye-level. 

A  speed  of  one  mile  per  horu*  is  not  at  all  unusual,  and  the  record 
shows  many  days  in  the  season  when  a  speed  of  1^  miles,  equal  to  2  km., 
l^er  hour  has  been  kej^t  up  for  several  hours,  and  even  throughout  the 
day.  For  examiile,  a  party  in  charge  of  Mr.  B.  E.  Tilton,  ran  16.6  km., 
10.3  miles,  of  single  line  on  July  14tb,  1899,  during  a  working  period 
of  7.4  hours,  or  at  an  average  rate  of  1.4  miles  per  hour.  Tbe  length 
of  sight  on  this  day  varied  from  80  to  110  m.  with  an  average  of  about 
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100  m.  The  best  single  mile  of  leveling  which  has  yet  come  under  the 
writer's  notice  was  run  in  34  minutes  by  this  same  party. 

The  speed,  in  terms  of  completed  miles  of  leveling  jDer  month — and 
this  is  one  of  the  important  factors  in  fixing  the  average  cost  of  level- 
ing per  mile — was  as  follows  for  the  three  parties  operating  in  1899: 
In  Colorado  and  Wyoming  214  miles  were  comjjleted  in  5.3  months,  or 
at  the  rate  of  40  miles  per  month;  in  Ohio  285  miles  were  completed  in 
5.8  months,  or  an  average  of  50  miles  per  month;  and  in  Kansas  and 
Nebraska  334  miles  were  completed  in  5.3  months,  or  an  average  of  63 
miles  per  month.  The  average  for  the  three  parties  is  51  miles  j^er 
month.  The  period  of  work  given  in  each  case  is  that  embraced 
between  the  first  day  on  which  observations  were  taken  and  the  last. 
These  figures  make  the  rate  of  progress  in  comjjleted  miles  for  each 
day  that  the  party  was  in  the  field,  making  no  deductions  for  Sundays, 
holidays,  days  lost  on  account  of  rain  or  other  causes,  1.3, 1.6,  and  2,1, 
respectively,  or  an  average  for  the  three  parties  of  1.7.  A  completed 
mile  of  leveling  necessarily  means  at  least  2  miles  of  single  line,  and, 
upon  an  average,  represents  a  little  more  than  this,  on  account  of 
re-running  of  sections  on  which  the  discre]5ancy  fell  slightly  outside 
the  limit  4  mm.  V"  K.  Hence,  the  foregoing  values  indicate  that  the 
number  of  miles  of  single  line  iDer  day,  making  no  deduction  for  lost 
time,  was  about  3.4,  and,  assuming  that  loss  of  time  on  account  of 
Sundays,  bad  weather,  etc.,  was  '2^b%,  this  means  that  the  rate  per 
actual  working  day  was,  ujjon  an  average,  about  4.5,  even  though  the 
first  runnings  of  sections  which  had  to  be  re-run  are  not  counted. 
The  average  rate  of  i3rogress  for  1900  is  not  yet  known,  as  two  of  the 
parties  are  still  in  the  field.  The  present  indications  are  that  it  will 
exceed  the  average  sj^eed  of  1899  by  10  to  20  per  cent. 

Cost. — The  actual  cost  to  the  Government,  of  the  leveling  done  in 
1899,  is  as  follows,  in  round  numbers :  For  the  party  in  Colorado  and 
Wyoming,  S17  per  mile  =  SIO  per  kilometer;  for  the  party  in  Ohio, 
§14  per  mile  =  89  per  kilometer;  for  the  party  in  Nebraska  and 
Kansas,  $11  per  mile  =  S7  per  kilometer.  The  average  of  the  three 
parties  for  the  whole  season  is  313.55  per  mile  or  S8.40  per  kilometer. 
These  figures  represent  the  actual  cost  of  the  leveling,  including  the 
establishment  of  the  bench-marks,  with  the  exception  of  the  first  cost 
of  instruments  and  the  cost  of  stationery  su^jplied  to  the  parties.  It 
includes  all  transportation  to  and  from  the  field,  paid  by  the  Govern- 
ment, the  cost  of  inspection  of  the  jjarties,  and  all  wages  and  salaries, 
including  chief  of  party  and  recorder.  The  salary  of  each  member  of 
the  permanent  force  is  charged  to  the  leveling  for  the  whole  i>eriod 
during  which  he  was  engaged  upon  work  incidental  to  the  leveling. 
It  includes  the  time  spent  in  traveling  to  and  from  the  field,  and,  in 
one  case,  the  time  spent  in  prej^aring  for  the  field.  The  Government 
i:)ays  its  permanent  employees  for  twelve  months'  work  jier  year  and 
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actually  secures,  on  an  average,  only  eleven  months,  tbe  anmial  leave  Mr.  iiayford. 
granted  being  one  month  per  year.  To  take  account  of  this  fact, 
one-eleventh  has  been  added  to  the  salary  actually  paid  each  officer 
during  the  time  he  was  connected  with  the  leveling  work.  The 
present  indications  are  that  the  average  cost  per  mile,  of  the  leveling 
in  191)0,  will  be  considerably  less  than  it  was  in  1899.  If  the  salaries 
of  members  of  the  permanent  force,  which  are  included  in  the  fore- 
going cost,  be  deducted,  and  this  is  not  unusual  in  c()m])uting  the  cost 
of  leveling,  the  average  cost  per  mile  for  1S99  will  be  found  to  be  i:?9.33; 
and  per  kilometer  ^5.79.  The  field  expenses  per  month  for  each  of 
these  parties  were  about  the  same.  The  pi-incipal  factors  which  vary 
are  the  sjjeed  per  month  and  the  salary  of  the  observer.  The  condi- 
tions under  which  the  work  was  done,  for  these  three  localities,  also 
differed  considerably.  The  three  values  of  the  cost  are,  therefore, 
given,  not  as  a  comparison  of  the  jiarties,  but  as  an  indication  of  the 
extent  to  which  the  cost  per  mile  may  vary,  though  the  instruments 
and  methods  are  identical. 

The  cost  of  the  leveling  as  given  may  be  compared  with  that  given 
in  the  pajjer  (page  114),  namely,  316  per  mile,  or  §10  j^er  kilometer, 
not  including  the  establishment  of  bench-marks;  or,  including  the 
establishment  of  bench  marks,  $15  jaer  kilometer  or  S24  per  mile.  It 
may  also  be  noted  that  this  estimate  by  the  author  does  not  include 
the  traveling  expenses  to  and  from  the  field.  A  comparison  may  also 
be  made  with  the  vahies  given  in  the  paj^er*  by  H.  M.  Wilson,  M.  Am. 
Soc.  0.  E.,  namely,  the  cost  of  from  $19  to  s?32  per  mile  for  leveling 
by  the  Engineer  Corps.  Also  on  the  same  page  it  is  indicated  that 
265  miles  of  C.  &  G.  S.  leveling  cost  !B3  900,  or  an  average  of  $14.72  per 
mile  (not  $10.94  as  there  printed).  This  estimate  of  the  cost  of  the 
old  C.  &  G.  S.  leveling,  namely,  $15  per  mile,  is  probably  considerably 
less  than  the  average  cost  of  that  leveling,  salaries  of  observers  being 
included.  Also,  on  page  416  of  the  same  volume,  it  is  indicated  that 
1  000  miles  of  the  leveling  by  the  Engineers  along  the  Missouri  Biver 
cost  about  $20  per  completed  mile.  Throughout  the  preceding  jjara- 
graphs  the  cost  is  given  for  a  completed  mile  of  leveling,  comprising 
at  least  two  runnings,  and  should  not  be  confounded  with  the  cost  per 
mile  of  single  line. 

In  each  of  the  comparisons  suggested  above  if  the  details  are  exam- 
ined it  will  surely  be  found  that  the  comparison  is  biased  against 
rather  than  on  the  side  of  the  new  C.  &  G.  S.  levels.  It  will  be  found 
that  in  general  some  of  the  items  involved  in  the  total  cost  to  the 
Government  have  been  omitted,  as,  for  example,  tmnsportation  to  and 
from  the  field,  or  salaries  of  observers,  or  other  items. 

W.   S.   WiiiLiAMS,  Esq.f  (by  letter). — This   paper  presents  every  Mr.  Williams. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  STT. 

t  Surveyor  in  charge  of  Precise  Leveling,  Mississippi  River  Commission. 
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detail  of  precise  sjiirit  leveling  with  clearness,  and  points  out  in  a, 
scientific  manner  those  features  wherein  some  of  the  older  methods  of 
precise  leveling  are  at  fault  and  introduce  errors  into  the  work.  The 
l^ajjer  also  gives  to  the  i^rofession  many  facts  which  good  observers 
have  known  for  some  years  but  have  kejit  to  themselves.  In  some 
cases,  however,  the  author  has  made  deductions  from  too  few  observa- 
tions, and  made  a  few  statements  which,  with  a  larger  exj^erience  in 
this  line  of  work,  he  would  not  have  been  likely  to  make. 

Rods.  —  The  author  is  undoubtedly  correct  in  the  reasons  given  for 
the  superiority  of  self-reading  over  target  rods,  and  the  writer  would 
add  one  other  reason  why  a  self-reading  rod  is  superior  to  a  target  rod: 
An  obsei-ver  is  inclined  to  take  longer  sights  with  a  target  rod  than 
with  a  self-reading  rod,  because  he  is  prone  to  think  he  can  bisect  a 
target  at  long  distances;  whereas,  if  he  has  to  estimate  millimeters  on 
a  rod  graduated  to  centimeters,  he  will  not  take  such  long  sights.  The 
writer's  experience  has  been  that  short  sights  are  conducive  to  accurate 
work. 

Foot-Plates.  — 'Sot  many  experienced  observers  will  agree  with  the 
author  that  foot-plates  are  entirely  out  of  date.  As  to  whether  i)ins 
or  foot-plates  are  the  better  for  rod  sujiijorts  dejjends  on  the  nature  of 
the  ground  over  which  the  levels  are  run.  In  stiff  clay  soils,  grass 
roots,  wooded  lands  full  of  roots  and  leaf  mould,  pins  are  the  better; 
but  for  very  sandy  soil,  railroad  embankments  of  sand,  or  sand  and 
gravel,  and  on  hard  roads  and  pavements,  foot-plates  are  the  better 
supports. 

Refraction. — The  author  seems  to  have  underrated  the  errors  due  to 
refraction  as  he  says  (page  56j : 

"Since  it  changes  slowly  and  with  some  degree  of  regularity,  and 
is  noticeable  only  on  comparatively  long  sights  (500  m.  or  more),  little 
or  no  appreciable  effect  is  jn'oduced  thereby  on  level  readings,  unless  a 
considerable  time  elapses  between  taking  back  and  fore  sight  readings 
late  or  early  in  the  day." 

Under  some  conditions,  changing  refraction  will  affect  the  readings 
very  materially,  even  on  sights  as  short  as  50  m.  Late  in  the  afternoon 
on  a  sunny  day  the  earth  sometimes  cools  very  rapidly.  At  such  times 
the  refraction  becomes  very  erratic,  and  changes  raj^idly.  A  rod  read- 
ing will  change  as  much  as  2  mm.  in  a  very  short  time.  Under  such 
conditions  an  obsei-ver  must  wait  until  the  air  steadies  down,  turning 
from  one  rod  to  the  other  until  he  is  sure  to  get  both  sights  imder  uni- 
form conditions;  or,  it  may  be  that  he  will  have  to  quit  observing  alto- 
gether. A  light  drifting  fog  will  cause  large  and  sudden  changes  in 
refraction.  Passing  clouds  on  a  warm  sunny  day  cause  sudden  changes 
in  refraction,  which  must  be  guarded  against.  When  the  line  of  sight 
passes  over  a  ravine  through  which  cool  air  is  moving,  the  reading  is 
very  much  affected  by  refraction.  If  the  line  of  sight  passes  near  the 
ground  on  one  sight  and  high  above  the  ground  on  the  other,  the  error 
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<lvie  to  refractiou  will  be  cousiderable  if  the  suu  is  shiuiug;  and  such  Mr.  Williams, 
oouditious  are  to  be  avoided,  or  tLe  sights  must  be  verj  short.     This 
applies  particularly  to  leveling  on  a  steei)  grade. 

A  change  in  the  temperature  of  the  air,  from  any  cause  whatever, 
will  cause  a  change  in  the  refraction,  and  an  observer  should  be  con- 
stantly on  the  lookout  for  such  changes  between  the  back  and  fore 
sights. 

Col/iir  lueqxaliti/. — The  old  method  of  determining  the  error  due  to 
collar  inequality  is  undoubtedly  correct,  the  author's  attemi^ted  demon- 
stration to  the  contrary  notwithstanding;  but  the  writer  has  found  it 
necessary,  in  using  this  method  with  a  Kern  instrument,  to  firmly 
support  the  ends  of  the  bar  directly  under  the  wyes,  and  not  dej^end 
wholly  on  the  vertical  axes  to  keep  the  wyes  perfectly  fixed  while  the 
telescope  is  reversed.  This  can  be  done  very  easily  and  quickly  by 
dri'V'ing  large  spikes  to  the  required  height,  into  the  top  of  a  large 
stump  or  other  stable  structure. 

The  author's  new  method  of  determining  the  error  due  to  inequality 
of  collars  would  be  all  right  if  he  had  not  neglected  to  take  into 
account  errors  due  to  refraction  and  due  to  the  curvature  of  the  earth 
when  taking  unequal  sights.  In  the  example  given,  the  error  due  to 
curvature  is  0.55  mm.,  and  makes  the  constant  error  due  to  inequality 
of  collars  -\-  0.0544  mm.  instead  of  -f  0.0624  mm.  per  meter. 

Methods  of  Observing. — There  can  be  but  one  objection  urged  against 
the  author's  method  of  observing,  namely,  that  it  requires  about  one- 
half  more  time  than  other  methods  which  are  just  as  good,  as  far  as 
eliminating  instrumental  errors  is  concerned. 

Equalizing  the  sights  eliminates  all  instrumental  errors  and  errors 
due  to  curvature  and  constant  refraction  more  completely  than  any 
other  process;  hence,  there  is  nothing  gained  by  reversing  the  striding 
level  and  inverting  the  telescope  in  order  to  eliminate  errors  of  inclin- 
ation and  collimation  a  second  time,  especially  as  it  is  extremely 
doubtful  if  these  manipulations  can  always  be  made  perfectly  with  any 
precise  level. 

The  author's  method  gives  double  the  number  of  observations,  as 
compared  with  the  ordinary  method,  and  should,  therefore,  more  com- 
pletely eliminate  errors  of  pointing  and  estimation,  and  give  better 
results,  if  there  are  not  other  errors  introduced  by  increasing  the  time 
of  observation. 

It  is  generally  conceded  that  there  are  certain  small  errors  due  to 
changes  in  temijerature  of  the  different  parts  of  the  instrument  during 
observations  and  to  the  change  in  temperature  of  the  earth,  such  as 
the  rising  and  settling  of  the  rod  sujaports  and  the  instrument.  Now, 
these  errors  will  be  increased  in  proportion  as  the  time  at  each  instru- 
ment station  is  increased,  so  that  the  method  which  will  reduce  the 
time  of  observation  at  each  instrument  station  to  a  minimum,  and 


178 


DISCUSSION"   ON   PKECISE   SPIRIT   LEVELING. 


Mr.  Williams,  thus  allow  the  stretch  to  be  run  in  the  shortest  time,  is  the  best,  so  far 
as  reducing  the  errors  clue  to  temiDerature  is  concerned. 

Following  the  methods  used  by  the  Mississippi  River  Commission, 
the  average  time  required  to  walk  between  stations,  set  up  the  instru- 
ment, and  take  the  readings,  is  about  5  minutes,  under  average  condi- 
tions; whereas,  the  author's  method  requires  from  7  to  9i  minutes  for 
each  station.  The  jirogress,  therefore,  will  be  about  1^  miles  per  day 
by  the  former  method  and  1  mile  per  day  by  the  latter,  and  the 
author's  method  woiild  increase  the  cost  i^er  mile  about  one-half. 

The  author  is  undoubtedly  correct  in  stating  that  all  errors  should 
be  eliminated  by  the  observations  themselves  as  far  as  possible,  as  few 
errors  remain  constant,  and,  therefore,  corrections  for  these  cannot  be 
applied  to  results  with  any  degree  of  accuracy. 

During  the  season  of  1900,  two  precise-level  parties  ran  230  stretches 
on  the  Upper  Mississippi  River,  and  the  sights  were  kej^t  so  nearly 
equal  that  a  correction  for  errors  in  collimation,  inclination  and 
inequality  of  telescope  collars  was  applied  to  only  four  results,  and  in 
each  case  the  correction  amounted  to  only  0.1  mm.,  so  that  the  results 
would  not  be  appreciably  affected  if  these  corrections  had  been 
neglected  altogether. 

Rapidity. — The  progress  made  by  the  parties  working  under  the 
Mississippi  River  Commission  for  the  past  three  years  may  be  of  in- 
terest when  comparing  methods,  accuracy  of  work,  etc. 

The  limit  of  closure  on  the  following  lines  was  fixed  at  3  mm.-\/2  L, 
L  being  the  distance  run  between  bench-marks,  in  kilometers.  There 
were  two  parties  working  together,  taking  alternate  sections  of  the 
line,  on  all  this  work  excejit  the  line  from  St.  Paul  to  Aitkin,  Minn.^ 
where  the  writer  had  a  single  party.  The  time  given  includes  all  the 
days  the  parties  were  in  the  field,  Sundays  and  holidays  excepted; 
days  lost  by  rain  or  otherwise  are  not  deducted.  The  distances  given 
refer  to  completed  work,  and  always  represent  a  double  line,  and  in 
some  cases  more,  where  the  line,  on  first  trial,  failed  to  close  inside  the 
limit. 

TABLE  No.  32. 


Stretch. 

Year. 

CO 
1 

6 

3 

■a 

a 

E 

C  ft 

g  C  t. 

o  eg 

From 

To 

Baton  Rouge.  La.. 
Ft.  Adams,  Miss. . . 
New  Orleans,  La. . 
St.  Paul,  Minn 

Mouth  of  South  Pass. . 

Baton  Rouge,  La 1 

Biloxi,  Miss f 

1897-8 
1900 
1898 
1900 

235 
170 
222 
204 

89 
62 
136 
67 

2.64 

2.74 

3.05 

1.32 
1.37 
1.63 
1.52 

±0.68 
±0.62 
±0.54 

Brainerd,  Miun 

Lake  Itasca 1 

Cass  Lake,  Minn. . 

Grand  Rapids,  Minn. ) 

±0.5» 
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The  probablo  errors  iu  the  foregoing  liues  were  computed  by  the  Mr.  Willian 
formulas  giveu  in  the  paper  (pages  lOS  ami  109). 

Coat. — The  cost  per  completed  mile  of  the  foregoing  lines,  where  the 
data  are  available,  is  as  follows: 

New  Orleans  to  Biloxi 85  miles SIG.OO  per  mile. 

St.  Paul  to  Aitkin   222     "     13.85 

Brainerd  to  Lake  Itasca .  . .  )  ^r.,     ,,  i «  70         a 

Cass  Lake  to  Grand  Rapids  \  ^^^^  ^^-'"^ 

This  estimate  includes  all  items  of  expense,  traveling  expenses, 
express  on  instruments,  bench-marks,  etc.,  except  cost  of  instruments 
and  outfit. 

The  tile  and  pipe  bench-marks,  with  brass  caps,  used  by  the 
Mississippi  River  Commission,  cost  about  $3  each,  delivered. 

As  the  traveling  expenses  and  express  or  freight  charges  are  deter- 
mined by  the  locality  of  the  work,  and  are  the  same  in  any  given  case, 
regardless  of  the  number  of  miles  run,  and  as  the  cost  of  bench-marks 
depends  on  the  kind  and  number  used,  an  estimate  of  cost  per  mile, 
leaving  out  these  items  of  expense,  would  be  of  more  value  to  the 
engineer  in  making  estimates  of  cost  for  proposed  lines  of  levels. 
Leaving  out  these  items  the  cost  per  mile  for  the  lines  already  given 
would  be  $15.50,  .$12.65  and  815.25,  respectively,  in  the  order  given. 

J.  A.  OcKEKSON,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  is  very  Mr.  Ockeist 
comprehensive,  and  Mr.  Molitor  deserves  great  credit  for  the  exhaust- 
ive manner  in  which  he  has  treated  the  subject. 

The  Mississippi  River  Commission  has  carried  a  line  of  jirecise 
levels  from  Itasca  Lake,  at  the  source  of  the  Mississippi  River,  to  the 
end  of  the  Eads  Jetties,  at  the  mouth  of  that  river.  Side  lines  have 
also  been  run  from  Fulton,  111.,  to  Lake  Michigan,  at  Chicago,  and 
from  St.  Paul,  Minn. ,  to  Lake  Superior,  at  Duhith — a  total  length  of 
something  like  3  000  miles.  Many  of  the  features  now  recognized  as 
good  practice  have  been  develoj^ed  in  this  work. 

The  surface  and  sub-surface  bench-marks  were  devised  by  the 
writer  in  18S2,  and  their  utility  is  best  shown  by  the  fact  that  no 
material  change  has  been  made  in  them  since  they  came  into  use. 
The  necessity  of  having  durable  marks  at  frequent  intervals  was  soon 
apparent.  A  few  years'  experience  demonstrated  that  massive 
buildings  settled,  and  natural  ledges  of  rock  disintegrated  from  frosts 
and  sometimes  were  quarried  for  vai'ious  purposes.  Stone  posts, 
jirojecting  a  foot  or  more  above  the  surface,  are  easily  destroyed  by  a 
blow  or  by  forest  fires.  If  the  stone  projects  but  slightly  above  the 
surface  of  the  ground  it  is  soon  obscured  by  deposits  of  mud  or  other 
debris. 

With  these  difficulties  developed  by  experience,  it  was  endeavored 
to  substitute  a  mark  which  would  obviate  as  many  of  the  foregoing 
defects  as  possible. 
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The  bencli-mark  adopted  consists  of  a  sub-surface  vitrified  tile 
18  X  18  X  4  ins. ,  its  upper  surface  marked  by  a  suitable  inscription 
which  identifies  it  beyond  question.  A  coj^perbolt  jirojecting  slightly 
above  the  surface  of  the  tile  is  leaded  into  the  center.  This  tile  is 
X^laced  from  3  to  1  ft.  below  the  surface  of  the  ground. 

On  the  tile,  and  concentric  with  the  copper  bolt,  is  placed  a  4-in. 
wrought-iron  pipe  5  ft.  long.  The  lower  end  of  the  pipe  is  flanged  or 
flaring  to  prevent  its  being  pulled  up;  the  upper  end  is  covered  with 
a  bronze  cap  fastened  with  a  bolt,  or,  sometimes,  riveted.  The  surface 
of  the  cap  is  also  marked  with  suitable  inscriptions,  and  has  a  center 
projection  defining  the  exact  point  of  elevation  or  location. 

This  type  of  surface  mark  has  been  copied  by  the  United  States  Geo- 
logical Survey,  which  obtained  detailed  drawings  from  the  writer,  and 
also  ordered  a  large  quantity  from  the  firm  making  them  for  the 
Mississippi  River  Commission. 

The  i>ractice,  with  the  Commission,  is  to  jjlace  upon  the  cap  of  the 
survey  mark  the  latitude,  longitude  and  elevation  above  sea  level;  so 
that  any  engineer  or  surveyor  who  wishes  to  use  one  of  these  marks 
has  all  the  information  before  him. 

The  advantages  of  this  mark  are,  the  practical  indestructibility  of 
the  tile,  its  large  bearing  surface,  as  compared  with  its  weight,  and  the 
ready  manner  in  which  it  can  be  profusely  marked  before  burning.  The 
pipe  serves  as  an  admirable  witness  mark,  which  can  be  used  at  all  times, 
unless  it  shows  signs  of  disturbance,  in  which  case  the  cap  can  be 
removed  and  the  tile  reached  through  the  pi^se. 

In  the  earlier  work  of  the  Commission,  the  limit  of  error  was 
fixed  at  5  mm.  ^/  ^L,  in  which  L  is  the  distance  run  between  bench- 
marks, expressed  in  kilometer  units. 

The  limit  of  3  mm. -v/2  L  was  fixed  by  the  writer  in  instructions  to 
jirecise  level  jDarties  in  1892,  and  has  been  the  prescribed  limit  ever 
since  that  time.  On  the  whole,  all  of  the  work  lies  well  within  even 
this  limit. 

The  results  of  this  very  large  experience  in  jirecise  level  work  show 
that  accurate  work  requires  that  the  time  interval  between  fore  and 
back  sights  should  be  reduced  to  the  shortest  practicable  limit,  in 
order  to  avoid  the  effects  due  to  temiaerature  changes  in  the  instrument, 
changes  in  refraction,  in  rod  sujjports,  etc.  Hence,  the  trained  observ- 
ers on  this  work  will  hesitate  in  accepting  the  author  s  method  of 
reversals  in  observing  (which  serve  to  more  than  double  the  ordinary 
time  interval)  for  the  purpose  of  eliminating  slight  discrepancies 
which  are  already  practically  eliminated  by  equal  back  and  fore 
sights. 

The  author  and  several  who  have  contributed  to  the  discussion 
make  frequent  mention  of  the  leveling  done  by  the  Engineer  Corps, 
but  fail  to  mention  the  work  of  the  Mississippi  and  Missouri  Eiver 
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Commissious,*  both  of  which  have  done  a  large  amount  of  high-grade  Mr.  Ockerson. 
work. 

It  is  only  just  to  say  that  the  Assistant  Engineers  of  the  Mississippi 
River  Commission  were  the  pioneers  in  the  development  of  methods 
of  precise  leveling  which  are  to-day  recognized  as  the  standard  for 
high-grade  work. 

These  methods,  coupled  with  the  improved  instruments  designed 
by  the  Coast  Surve;;:,  will  doubtless  mark  another  step  toward  accu- 
racy and  economy   in  precise  leveling. 

C.  L.  Crandall,  M.  Am.  Soc.  C.  E.  (by  letter). — In  discussing  Mr.  Crandall. 
leveling  instruments  the  author  objects  to  the  French  Government 
level,  Fig.  2,  Plate  II,  on  account  of  the  complicated  method  of 
reflecting  the  light  from  the  ends  of  the  level  bubble  to  the  observer 
by  means  of  prisms,  and  on  account  of  lack  of  delicacy  of  the  instru- 
ment as  a  whole. 

He  incorrectly  states  that  in  reversing  the  level  the  prisms  over 
the  level  must  be  refoeused.  There  is  no  adjustment  for  focus,  and 
the  frame  carrying  the  upper  prisms  simply  requii'es  turning  180^ 
about  a  vertical  axis.  This  requires  no  more  labor  than  rotating  the 
mirror  used  with  the  other  types,  while  both  ends  of  the  bubble  are 
seen  near  together,  so  that  they  can  be  carefully  compared  by  moving 
the  eye  about  1  in.  to  the  left,  and  looking  in  the  same  direction  as 
through  the  telescope. 

The  milled  head  shown  at  the  right  of  the  upper  prisms  on  Plate 
II,  is  connected  to  a  pinion  which  engages  with  a  rack  from  each 
prism,  so  that  the  distance  between  them  can  be  changed  symmetri- 
cally, with  reference  to  the  center,  for  different  lengths  of  bubble. 

In  computing  the  sensitiveness  of  the  level  tube  the  author  has 
apparently  made  a  mistake  and  drawn  erroneous  conclusions.  In 
Table  No.  4,  he  gives,  as  the  result  of  Eeinherz's  experiments,  the 
mean  error  of  centering  a  bubble  in  a  tube  with  9-second  divisions 
spaced  2  mm.  apart,  as  0.27  second,  and  for  2.7-second  divisions,  with 
the  same  spacing,  0.135  second,  or  one-half  as  much.  He  then  com- 
putes the  corresponding  rod  uncertainties  at  100  m.  as  0.5  and 0.1  mm., 
respectively  (one  being  five  times  the  other),  and  condemns  the  first 
as  being  beyond  the  allowable  error  of  closure  for  the  distance,  and  ac- 
cepts the  second  as  being  about  equal  to  the  error  of  reading  the  rod. 

The  rod  uncertainties,  computed  from  the  angles,  would  be: 

0.27     X  sin.  1  second  X  100  000  =  0.13  mm. ; 
0.135  X  sin.  1  second  x  100  000  =  0.07  mm. ; 

the  fir.st  double  the  second,  as  it  should  be,  but  fairly  near  the  error 
of  reading,  as  stated  above.     On  page  13,  however,  the  error  of  read- 

*NoTE  BY  Editob: — Since  this  paragraph  was  written,  the  author  has  added,  in 
Table  No.  21,  some  statistics  of  the  levels  run  by  these  Commissions. 
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Mr.  Crandall.  ing  the  Kern  rod,  graduated  to  centimeters,  is  given  at  from  0.2  to  0.5 
mm.,  for  distances  up  to  80  m.,  with  a  magnifying  jiower  of  50,  as  a 
minimum  seldom  reached  by  the  best  observers. 

The  8.26-second  level  divisions  of  the  French  instrument  thus  do 
not  make  so  bad  a  showing. 

It  is  claimed  by  Messrs.  Claye  and  Lallemand,*  in  support  of  the 
constants  adopted  for  the  French  instrument,  that  the  small  but  con- 
tinual changes  of  temperature  produce  in  the  different  parts  of  the 
instrument  alternate  expansions  and  contractions  which  put  the  bub- 
ble in  a  perpetual  condition  of  instability,  and  render  its  centering 
at  any  instant  difficult  and  imcertain,  especially  when  the  radius  of 
curvature  exceeds  60  m. 

They  estimate  that  the  probable  error  of  a  rod  reading,  due  to 
uncertainty  in  centering  the  bubble,  is  0.1  mm.  at  50  m.,  or  0.15  mm. 
at  75  m. 

As  to  magnifying  power,  they  claim  that  the  weight  of  the  instru- 
ment increases  about  as  the  cube  of  the  power,  and  that  when  the 
jDOwer  exceeds  30,  the  weight  easily  reaches  17  to  20  kgr.  Moreover, 
the  atmospheric  vibrations  in  rtie  lower  strata,  due  to  thermal  changes, 
frequently  cause  so  much  movement  of  the  image  of  the  rod  as  to 
render  uncertain  the  estimates  of  the  fractions  of  a  division;  an  excess 
of  magnifying  power  will  only  increase  this  difficulty.  A  power  of  25 
is  used,  as  compared  with  .50  for  most  of  the  instruments  of  Table  No. 
1,  but  the  object  glass  is  nearly  as  large  as  any  on  the  list. 

With  this  i^ower,  they  claim  to  be  able  to  read  the  French  rod, 
graduated  to  centimeters,  with  a  probable  error  of  0.33  mm.  at  a  dis- 
tance of  75  m.,  or  as  accurately  as  the  author  states  that  the  Kern  rods 
can  be  read  with  a  jjower  of  50. 

They  also  claim  that  experience  has  shown  that  the  errors  due  to 
instability  of  temperature,  in  their  total  effect,  are  at  least  as  great  as 
those  of  reading  the  rod. 

This  makes  the  probable  error  for  a  sight, 

r  =  -/0.15^  +0  33^+0.332  =  0.5  mm. ; 

and  for  a  set  up  for  a  mean  of  the  two  sets  of  readings, 

f  

i\  =  —-=  -/  2  =  0-5  mm. 
V  2 

On  page  46  the  author  states  that,  in  the  commonly  accepted 
method  of  determining  the  inequality  of  collars,  the  telescope  and 
level  are  both  reversed  for  the  second  reading;  and  that  the  difference 
of  inclination  as  given  by  the  bubble,  whether  the  level  is  or  is  not  in 
adjustment,  will  be  four  times  the  angle  between  the  axis  of  the  col- 
lars and  the  elements  of  the  cone  enveloiiing  the  collars.  Fig.  14  is 
referred  to  in  i^roof  of  the  statement,  but  in  the  figure  the  level  tube 

+  Encyclopedie  des  Travatix  Publics.    Lever  des  Plans  et  Nivellement.    Paris,  1889. 
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is  showu  to  he  iu  perfect  adjustment,  /.  e.,  the  zero  point  of  the  curved  Mr.  crandall, 
t\ibe  is  the  highest  point  when  the  top  line  of  the  telescope  is  horizon- 
tal. Had  the  figure  been  drawn  otherwise  it  wonld  not  have  been  so 
convincing.  In  fact,  it  is  diflicult  to  see  how,  when  the  legs  of  the 
level  are  kept  in  jiosition  on  the  collars  of  the  telescope,  and  all 
reversed,  the  shape  or  size  of  the  njiper  portions  of  the  collars  can 
have  the  slightest  effect  npon  the  reading  of  the  bubble,  the  collars 
simply  forming  extensions  to  the  legs  of  the  level  as  if  permanently 
attached  to  them;  the  3.5  divisions  out  of  level,  shown  in  the  exam- 
ple on  i^age  47,  simply  indicating  that  the  level  with  its  extended 
legs  was  one-half  that  amount  out  of  adjustment. 

The  ordinary  method  referred  to  consists  iu  taking  a  direct  and 
reverse  reading  of  the  bubble,  before  and  after  changing  ends  with  the 
telescope,  or,  in  taking  all  the  readings  without  reversing  the  level, 
since  only  the  difference  in  inclination  for  the  two  positions  of  the 
telescope  is  required. 

The  assumptions  as  to  the  shape  of  the  collars,  the  objections  to 
the  method,  etc.,  stated  on  page  47,  have  been  so  fully  discussed  by 
Mr.  Hayford  that  no  further  mention  will  be  made  of  them  here. 
The  paper,  as  a  whole,  is  a  valuable  treatise  upon  the  subject  of 
precise  leveling. 

Davtd  a.  Molitok,  M.  Am.  Soc.  O.  E.  (by  letter). — The  writer  is  Mr.  Molltor. 
greatly  indebted  for  the  facts  and  opinions  expressed  by  those  who 
have  particijjated  in  the  discussion  of  his  paper  on  Precise  Spirit 
Leveling.  It  is  significant,  however,  that  the  men  of  wide  and  varied 
field  experience  have  not  taken  the  initiative,  but  have  left  the 
discussion  j)rincipally  to  those  who  have  never  done  any  extensive 
precise  leveling  themselves,  and  whose  connection  with  the  subject 
is  generally  limited  to  the  study  of  work  done  by  others.  It  is  diffi- 
cult to  understand  this,  unless  it  would  indicate  that  the  criticisms 
offered  are  on  theoretical  and  j^rejudicial  rather  than  on  practical  lines. 

In  many  instances,  errors,  which  are  scarcely  to  be  avoided  in  a 
l^aper  of  such  length,  have  been  pointed  out,  and  for  this  the  writer 
feels  very  grateful.  Also,  many  unnecessary  comments  have  been 
made,  as  a  result  of  superficial  reading  of  the  paper,  a  feature  common 
to  most  discussions. 

As  stated  in  the  "Introductory  "  of  the  paper,  it  was  the  writer's 
object  to  give  a  comprehensive  treatise  on  the  subject  chosen.  To  do 
this  necessitated  mentioning  all  possible  sources  of  error,  and  deduc- 
ing a  method  of  jiractical  field  work,  which  would  give  the  most 
accurate  results  attainable.  This,  the  writer  considers  he  has  done, 
but,  to  infer  therefrom  that  he  would  advocate  following  his  method 
for  all  purposes  and  under  all  circumstances  is  entirely  unreason- 
able. 

It  is  like\N-ise  unjust  to  ofi'er  the  criticism  that  the  paper  is  too 
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Mr.  Molitor.  theoretical  and  voluminous,  considering  the  simplicity  of  the  sub- 
ject. The  subject  is  simple  only  to  those  who  have  not  fathomed  its 
depths. 

The  fact  that  very  good  work  may  be  done  with  single  sights  (with- 
out bubble  reversals  and  telescope  inversions)  is  known  to  the  writer 
as  well  as  to  those  who  criticise  him  for  not  having  chosen  this  simpler 
programme  of  leveling.  Where  the  highest  attainable  accuracy  is 
required,  however,  the  same  reasons  which  compelled  him  to  abandon 
the  older  methods,  and  which  are  fully  set  forth  in  the  paper,  may  at 
some  time  cause  a  similar  change  in  the  methods  still  used  by  others. 

The  writer's  concejjtion  of  the  term  "Precise  Spirit  Leveling"  is^ 
not  to  run  the  greatest  number  of  miles  of  levels  for  the  least  money,, 
but  to  do  the  most  accurate  work  jaossible  at  a  reasonable  cost. 

Everyone  is  at  liberty  to  simplify  the  general  method  advocated 
for  the  achievement  of  the  most  accurate  work  to  any  extent  suitable 
for  a  given  purpose,  but  to  do  this  intelligently  a  complete  knowl- 
edge of  the  subject  is  essential,  otherwise  the  short  cuts  may  prove 
very  disastrous,  even  for  work  of  ordinary  quality. 

The  scope  of  the  ijajjer  is  very  broad,  and  is  intended  to  point  out 
the  manner  of  increasing  the  accuracy  of  all  level  work,  of  whatever 
class,  by  applying  to  common  levels  such  features  of  the  precise 
methods  as  may  be  accepted  without  material  increase  in  cost.  These 
are:  Equalization  of  sights;  use  of  an  umbrella;  use  of  self-reading^ 
instead  of  target  rods;  to  have  on  the  instrument  a  level  tube  (with 
mirror)  which  may  be  used  as  a  striding  or  fixed  level  at  will;  and  to 
supi^lant  the  rigid  wyes  with  swinging  ■w'ves,  thus  doing  away  with 
the  wye  adjustment  of  the  common  level.  A  further  addition  of  value 
to  the  instrument  would  be  a  watchglass  level  for  approximate  setting 
up.  All  this  may  be  had  at  a  small  additional  first  cost,  and  may  be 
used  without  any  material  increase  in  expense,  while  the  advantages- 
gained  would  surprise  the  most  skeptical  leveler. 

For  ordinary  work,  it  would  not  be  necessary  to  read  more  than 
the  middle  thread,  or  to  use  more  than  one  instrument  position. 
Sights  up  to  300  m.  would  be  possible  for  a  magnifying  power  of  40 
diameters,  and  a  6  seconds  per  2  mm.  level  tube. 

The  writer  has  done  some  work  of  this  class  at  a  rate  of  a  mile  in 

35  minutes,  with  an  error  in  millimeters   of  not'  more  than  5  is^j-:r- 

However,  the  roads  and  atmospheric  conditions  permitting  of  such 
work  were  far  better  than  the  average,  and  these  figures  are  cited 
merely  to  distinguish  between  common  and  precise  levels,  even  though 
lines  run  in  this  manner  frequently  close  with  ridiculously  small 
errors. 

On  the  writer's  line  of  levels  along  the  St.  Lawrence  River,  the 
average  length  of  shot  was  49  m.,  and  single  shots  varied  from  6  to 
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8U  m.     Tho  pnictioal   limit  aviis  (letenniued   by  the  protilo  of  the  Hue,  Mr. 
aucl  no  increased  rapidity  would  have  been  attainable  even  if  long 
shots  had  been  permissible. 

It  has  been  demonstrated  qiiite  couclnsively  that  long  lines  of 
common  levels  can  be  run  with  comparatively  small  discrepancies, 
compared  with  precise  level  work,  though  this  is  due  to  a  compen- 
sation of  errors  which,  for  short  stretches,  might  be  surprisingly 
large.  For  precise  level  work,  any  portion  of  a  line  must  be  as 
accurate  as  the  entire  line,  and  to  accomplish  this  is  quite  a  difterent 
problem  from  obtaining  an  accidental  small  closure  at  the  end  of  a 
long  line  of  common  levels. 

On  the  other  hand,  many  lines  of  so-called  precise  levels  have  shown 
cumulative  errors  which,  for  a  long  line,  would  give  poorer  closures 
than  Lines  of  good  common  levels.  Hence,  the  methods  certainly  are 
responsible  for  much  of  this,  and  when  a  certain  accuracy,  excelling 
that  attainable  by  perfection  of  methods  and  instruments,  is  required, 
it  must  be  obtained  by  a  repetition  of  observations.  The  writer 
has  introduced  this  latter  refinement  to  the  extent  which  is  consid- 
ered practical. 

Several  of  the  discussors  have  taken  exception  to  the  writer's 
method  of  observing,  and  Mr.  J.  A.  Ockerson  says  for  "the  trained 
observers  on  this  work  "  that  they  would  hesitate  in  accepting  it.  It 
might  have  been  as  well  to  have  allowed  the  "  trained  observei-s  "  to 
express  their  own  views,  and  facts  from  this  source  would  have  been 
far  more  valuable  than  opinions.  The  principal  objection  is  stated 
to  be  the  increased  laj^se  of  time  between  back  and  fore  sight  read- 
ings, which  it  is  claimed  is  twice  as  long  as  for  the  method  without 
reversals,  etc. 
■  A  careful  reading  of  the  paper  (bottom  of  page  80),  the  substance 
of  w-hich  is  repeated  in  other  places,  would  have  avoided  the  neces- 
sity for  the  present  comments.  The  above-mentioned  paragraph 
shows  clearly  that  the  time  interval  between  each  pair  of  back  and 
fore  sight  readings  (during  which  no  reversals,  etc.,  are  made)  is  ex- 
actly as  in  the  commonly  adopted  method.  The  instrument  positions 
are  changed  after  taking  the  first  pair  of  sights  and  before  taking  the 
second  pair,  which  latter  sights  are  read  in  reverse  order.  This  vir- 
tually constitutes  a  direct  and  reverse  line  between  successive  turn- 
ing points,  without  increasing  the  time  interval  between  successive 
back  and  fore  sights,  while  the  four  readings  furnish  the  data  for  a 
single  line  only. 

When,  therefore,  the  atmospheric  conditions  or  refractive  changes 
become  so  severe  that  duplicate  pairs  of  sights  are  prohibitive,  then 
the  same  will  be  true  of  a  single  pair  of  sights,  though  this  fact  is 
not  observable  for  single  sights  until  a  stretch  is  closed.  With  dupli- 
cate pairs  of  sights  such  deleterious  influences  are   immediately  de- 
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3Ir.  Molitor.  tected  by  mere  inspection  of  the  notes.  In  this  way  it  frequently 
happens  that  work  Avhich  has  been  good  up  to  a  certain  point  can  be 
saved  by  suspending  operations  as  soon  as  the  conditions  are  seen  to 
become  unfit.  This  can  always  be  done  when  the  steel  turning  point 
pins  are  used. 

A  further  advantage  of  duplicate  sights  is  the  almost  infallible 
check  on  the  correctness  of  the  readings  which  the  recorder  exercises 
by  mere  inspection  (a  feature  which  Mr.  Marshall  calls  distinctly 
bad),  and  the  additional  accuracy  in  reading  and  pointing  derived 
from  two  observations. 

Mr.  Hayford  further  states  that  the  writer's  method  requires  re- 
versing the  striding  level  twice  and  inverting  (wrongly  reversing)  the 
telescope  twice  at  each  station.  Apparently,  this  is  not  the  case,  and 
precludes  the  necessity  for  the  further  argument  that  "the  more  an 
instrument  is  handled,  the  less  accurate  are  the  results  obtained." 
While  the  truth  of  this  argument  is  freely  granted,  the  question  here 
is  essentially  one  of  repetition  of  observations,  and  not  of  handling 
the  instrument. 

To  deny  the  foregoing  statements  of  fact  would  be  equivalent  to 
asserting  that  the  mean  of  two  or  more  observations  is  not  as  good  as 
•  a  single  one.  The  repetition  of  observations  on  triangulation  and 
astronomical  work  is  scarcely  more  justifiable  than  in  the  case  of  pre- 
cise leveling. 

The  practical  value  of  the  writer's  method  may  be  further  illus- 
trated by  the  following :  The  level  line  St.  Eegis-Oak  Point,  Table  No. 
21,  with  a  probable  error  of  ±  0.61  mm.  per  kilometer,  on  which  a 
slightly  different  programme  of  reading  was  used,  necessitated  re-run- 
ning 10%  of  the  work,  in  order  to  fulfil  the  specification  3  -i/i^  while, 
with  the  same  limit  and  using  the  method  advocated  in  the  paper,  the 
line  Oak  Point-Tibbetts  Point  gave  a  probable  error  of  only  ±  0.48 
mm.  per  kilometer,  and  not  a  single  stretch  failed  to  close  on  the  first 
pair.  No  such  record  as  this  has  ever  been  cited  in  support  of  the 
value  of  a  method,  and  it  might  be  well  for  the  "trained  observers  " 
and  others  of  less  training,  to  give  this  method  an  imj^artial  trial 
before  casting  it  aside  with  a  few  prejudicial  remarks. 

Eegarding  the  question  of  rapidity  and  cost,  it  Avill  be  seen,  j^res- 
ently,  that  the  writer's  method  of  duplicate  readings  does  not  retard 
the  work  nearly  as  much  as  might  be  supposed. 

For  an  average  length  of  sight  of  50  m. ,  working  7  hours  j^er  day 
and  counting  22  days  per  month  for  actual  work,  the  average  rate  of 
progress  was  100  km.,  or  63  miles,  of  single  line  per  month,  which,  for 
the  wages  paid,  would  aggregate  .^10  per  kilometer,  or  Si 6  jDcr  mile,  of 
double  line,  as  jier  Table  No.  24,  for  the  Lake  St.  Clair  levels,  where 
the  cost  includes  all  expenses  of  every  description.  The  same  work 
showed  a  probable  error  of  ±  0.33  mm.  per  kilometer,  and  the  allow- 
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'^^1 


ublo  limit  was  ^^  .  I  tj-'     Had  the  weatlier  conditions  been  more  favorable, 

thus  pormitiiu<^  of  loufiict^r  sif>hts  (as  the  grouud  was  quite  level),  this 
work  could  easily  have  beeu  accelerated  from  30  to  50  jx'r  cent.  But, 
taking  the  tif,nires  as  they  stand,  they  compare  very  favorably  with  any 
of  those  cited  in  the  discussion  for  levels  where  the  single  sights  were 
used  and  work  was  carried  on  throughout  the  day. 

It  should  be  noted  that  confining  the  work  to  the  early  and  late 
hours  of  the  day  does  not  necessarily  mean  a  reduction  in  working 
hours  and  consequent  increase  in  cost,  as  Mr.  Hayford  supposes. 

This  matter  can  be  justly  dealt  with  only  when  all  the  influencing 
factors  are  accurately  known,  especially  the  wages  paid,  allowable  limit 
of  closure,  kind  of  territory  covered,  working  hours,  etc.  The  figures 
given  in  Tables  Nos.  23  and  24  are  actual,  while  those  given  by  Mr. 
Hayford,  on  average  rapidity,  are.  to  some  extent,  estimated;  and  the 
extraordinary  cases,  while  interesting,  are  not  representative. 

The  levels  by  the  Geological  Survey  are  hardly  comparable  with 
those  of  the  Coast  and  Geodetic  Survey  or  those  of  the  Engineer 
Corps,  U.  S.  A.,  for  very  evident  reasons.  It  cannot  be  expected  that 
the  most  accurate  work  can  be  done  as  cheaply  as  that  done  under 
much  less  rigid  specifications. 

The  figures  cited  by  jVIr.  Hayford  for  cost  of  recent  Coast  and  Geo- 
detic Survey  work  show  no  greater  economy  than  those  produced  by 
the  waiter.  The  difi'erence  in  cost  is  readily  explained  by  the  longer 
sights  permitted  under  the  Coast  and  Geodetic  Survey,  a  fact  decidedly 
against  the  production  of  high-class  work.  The  cost  of  bench-marks 
may  also  vary  from  almost  nothing  to  perhaps  SlO  each.  On  the 
writer's  Lake  St.  Clair  levels,  the  cost  of  bench-marks  was  not  sepa- 
rated, and  Mr.  Hayford  incorrectly  assumed  it  to  be  the  same  for  the 
St.  Lawrence  Iliver  line. 

The  comparative  figures  for  cost  per  mile  of  double  line  then  stand 
as  in  Table  No.  33. 

TABLE  No.  33. 


Coast  and  Geodetic 
Survey. 


Mississippi  and  Missouri  River  ,pj^    Writer's  Levels. 

Commissions. 


"Wyoming,  1899 817.00 


CarroUton-BUoxi,  1882 8-31 .93 

Keokuk-Fulton,  1882 19.08 


Ohio 14.00 

Nebraska  and  Kan- 
sas, 1899 l!.00!Blair,  Neb.-Dewitt.Mo..l893 23.00 

1  000  miles.  Missouri  River,  1893..   20.00 

Work    prior  to    1899    was  New  Orleans-Biloxi,  1900 15.50 

much    more  expensive,  St.  Paul-Aitkin.  "    12.65 

being  nearly  double  the  Brainerd-L.  Itasca (  ,q,yi    ic  .?<: 

above  figures Cass  Lake-Grand  Rapids. .  i  '''^  ■  '=••-» 


St.     Lawrence 

River* $22. 00 

Lake  St.  Clair. .   17.44 


*  Wages  about  as  given  on  page  114,  or20?i'  higher  than  for  Lake  St.  Clair  levels. 
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Mr.  Molitor.  The  theoretical  relation  between  rai^iditT  and  accuracy  for  two  lines 
of  levels,  sujiposingboth  to  be  on  an  economical  basis,  is  that  the  accu- 
racies shall  be  proportional  to  the  square  roots  of  the  rapidities.  The 
best  Coast  and  Geodetic  Survey  work  was  done  at  the  rate  of  63  miles 
j3er  month,  and  the  Lake  St.  Clair  levels  at  the  rate  of_31  miles  per 
month.  Hence  the  accuracies  should  be  as  -y/  63  :  ^/Sl,  or  8  :  5.6. 
The  actual  relation  is  8  : 4,  or  decidedly  in  favor  of  the  Lake  St.  Clair 
levels. 

Table  No.  34  may  add  some  comparative  data  on  rapidity  not  yet 
exhibited.     For  other  data  relative  to  these  lines,  see  Table  No.  21. 


TABLE  No.  34. — Eapidity  of  Peecise  LEVEii  Work. 
Time  of  running  single  line  by  single  party. 


•3 
3 

Items. 


Length  of  line,  in  Icilometers 
Number  of  days  in  the  field. 

Nximber  of  days  worked 

Average  run  per  day  in  field,  in 

kilometers 

Average  run  per  day  worked, 

in  kilometers 

Allowable  limit  of  closure,  In  ( 
millimeters \ 

Probable  error,  in  millime-  ( 
ters  per  kilometer | 

Obsers  ers -' 


a 

¥r 

d 

d 

d 

§ 

3 

■a 

o 

,5 

3 

a. 2 

il 

5 

241.6 

272 

272 

785.6 

117.6 

197.2 

94 

81 

98 

273 

85 

135 

73 

58 

67 

198 

71 

105.5 

2.56 

3.36 

2.72 

2.88 

3.70 

3.21 

3.36 

4.64* 

4.00 

4.00 

4.06 

4.11 

5y/Lr 

os/L~ 

Ss/T' 

Ss/L~ 

2 

3v^L 

±0.74 

±0.67 

zliO.84 

±0.48 

(±0.61) 
1±0.48| 

J.  B.  J. 

J.  B.  J. 

J.  B.  J. 

J.B.J. 

and 

and 

and 

and 

O.W.F. 

D.  M. 

O.W.F. 

O.W.F. 

O.W.F. 

O.W.F. 

41 
27 
22 

3.63 

4.46 

2 
±0.33 

D.  M. 


*  A  band  car  was  used  on  this  work,  thus  facilitating  progress. 


The  figures  in  Tables  Nos.  33  and  34  show  that  duijlicate  readings 
do  not  materially  affect  the  cost  or  progress  of  the  work,  but  that  the 
differences  which  may  exist  must  be  explained  by  the  many  other 
factors  mentioned.  The  writer  feels  safe  in  asserting  that  he  can 
duplicate  the  speed  of  any  of  the  examples  cited  in  the  discussion  when 
working  under  the  same  conditions  and  specifications. 

The  reasons  given  by  Mr.  Wilson,*  which  required  the  "best 
effort"  "to  state  the  facts  as  nearly  as  they  could  be  derived  from 
published  reports,"  were  sufficient  to  cause  the  writer  to  dispense 
with  further  data  on  the  above  subject.     In  most  cases  it  is  doubtful 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  376. 
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whothor  the  cost  implies  single  onloublo  Hues,  or  whether  the  salaries  Mr.  Molitor. 
of  ol)servers  are  included.     Mr.  Wilson's  paper  was  not  overlooked. 

The  writer  will  now  attempt  to  answer  as  briefly  as  possible  the 
qiiestious  brought  ont  by  the  discussion  and  which  have  not  already 
been  covered  in  a  general  way  by  the  foregoing. 

To  remarks  by  Mr.  Horace  M.  Marshall,  the  writer  would  reply 
that  precise  hoveling  is  not  as  new  in  this  country  as  he  intimates,  in 
fact,  when  it  was  taken  up  by  the  United  States  Lake  Survey,  in  1875, 
not  very  much  had  been  done  in  European  countries.  The  best  work 
has  since  been  done  in  this  country,  and  the  method  still  generally 
used  in  Euroj^e  is  that  by  bubble  readings,  recently  discarded  by  the 
Coast  and  Geodetic  S\irvey. 

Mr.  Marshall  has  overlooked  the  fact  that  the  errors  which  the 
writer  attempts  most  to  eliminate  by  double  pairs  of  sights  are  those 
due  to  refraction,  temperature  and  jjointing,  and  these  can  only  be 
eliminated  by  repetition  of  observations.  In  discussing  Mr.  Wilson's 
paper,  Mr.  Marshall*  favors  re-reading  the  back  sight  after  each  fore 
sight  and  taking  the  mean  to  give  a  reading  simultaneous  with  the 
latter.  But  what  guarantee  has  he  that  the  fore  sight  does  not  change, 
and  would  this  not  give  the  back  sights  double  weight? 

This  point  and  a  number  of  others  depend  merely  on  a  definition 
of  terms.  What  satisfies  Mr.  Marshall's  specifications  is  not  neces- 
sarily called  precise  leveling  by  the  writer. 

In  common  with  others,  Mr.  Marshall  imagines  many  difficulties 
arising  from  the  use  of  2-mm.  rod  graduations.  They  can  certainly  do 
no  harm,  even  for  his  class  of  work,  because  the  centimeter  graduations 
are  present  in  practically  the  same  form  as  on  the  Kern  rods.  The 
2-mm.  graduations  materially  increase  the  accuracy  of  work  with  less 
strain  on  the  observer,  a  fact  which  can  best  be  ascertained  by  jiractice, 
but  never  by  inference. 

No  readings  are  supj^osed  to  be  taken  on  the  2-cm.  triangular 
figures,  as  Mr.  Hayford  supposes;  these  serve  merely  to  facilitate 
counting,  and  replace  the  numerals  commonly  used. 

There  is  nothing  curious  about  finding  the  work  of  the  Vicksburg 
Engineer  Office  omitted  from  Table  No.  21,  when  the  data  are  not 
obtainable  in  proper  detail. 

The  data  furnished  in  Table  No.  26  show  what  a  jDcrson  can  do  for 
himself  w^hen  he  wishes  to  attribute  "foolishness  "  to  others.  Although 
the  writer  does  not  consider  the  application  of  least  squares  to  leveling 
as  free  from  criticism  (page  106),  it  is  not  very  sensible  to  compare 
errors  of  closure  of  loops,  expressed  in  millimeters  per  kilometer,  with 
the  probable  error  of  a  pair  of  lines,  as  Mr.  Marshall  has  done  (page 
119).  Had  he  compiited  the  probable  error  of  his  lines  he  would 
not  have  made  such  an  elaborate  display,  which  is  evidenced  by  the 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  400. 
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Mr.  Molitor.  result,  ±1.1  mm.  per  kilometer  found  by  Mr.  A.  E.  Kastl  for  the 
stretch  Grand  Bend — Smithland  of  the  Red  River  levels. 

In  reply  to  Mr.  Wilson  it  may  be  said  that  the  paper  will  probably 
not  "befog  "  the  careful  reader  in  the  conclusions  which  he  is  to  draw 
from  the  voluminous  theoretical  discussion.  On  the  contrary,  had 
this  been  omitted,  the  paper  would  have  been  decidedly  wanting  in 
substantial  proofs  of  the  methods  advocated. 

Regarding  the  comparative  value  of  self-reading  and  target  rods, 
Mr.  Wilson  stands  alone  in  his  favoritism  of  the  latter.  In  all  prob- 
ability, the  thread  interval,  in  the  instrument  used,  was  altogether  too 
large  to  admit  of  proper  results  on  self-reading  rods. 

The  criticism  oifered  against  the  steel  turning  point  i)in  is  un- 
founded, and  no  trouble  was  ever  experienced  in  keeping  the  sockets 
clean,  even  when  working  over  roads  which  were  impassable  by  vehi- 
cles on  account  of  mud. 

No  recommendation  was  made  regarding  the  concealment  of  bench- 
marks, aud  both  exposed  and  concealed  marks  were  used  by  the 
writer. 

The  fear  expressed  by  Mr.  Wilson  "that  the  imj)Osing  array  of 
mathematical  formulas,"  etc., . .  . .  "  will  deter  civil  engineers .  .  .  .from, 
attemi^ting  work  of  this  class  "  is  not  exactly  flattering  to  the  ability 
of  engineers  to  read  understandingly;  for,  besides  demonstrating  the 
complexity  of  the  subject,  the  writer  has  very  clearly  shown  and  illus- 
trated its  .simplicity  in  practice. 

The  information  given  by  Mr.  E.  G.  Fischer  respecting  the  material 
used  in  the  new  Coast  and  Geodetic  Survey  leveling  instruments 
is  highly  interesting  and  valuable,  and  on  these  lines  the  Buff  and 
Berger  Precise  Level,  No.  2  768,  might  be  considerably  improved. 
However,  the  criticisms  relating  to  the  design  of  this  level  are  not  all 
correct. 

The  agate  i^oints  referred  to  did  not  wear  the  collars  by  any  meas- 
urable amount  during  a  whole  season's  work,  but,  for  fear  of  such  an 
effect,  the  writer  had  them  replaced  by  soft  brass  points.  The 
change  could  not  be  regarded  as  any  improvement,  so  far  as  was  notice- 
able. 

Mr.  Fischer's  interpretation  of  the  writer's  motive  in  having  the 
wye  contacts  in  different  planes  from  the  respective  level  tube  contacts 
on  the  steel  collars  is  altogether  wrong.  This  recommendation  was 
made  to  prevent  any  deleterious  effect  on  the  level  tube  contacts  as  a 
result  of  worn  collars,  or,  in  other  words,  the  relation  between  the 
axis  of  collimation  (as  defined  by  the  centers  of  the  collars)  and  the 
level  tube  would  remain  unchanged,  no  matter  how  much  the  collars 
were  worn  on  the  wye  contacts. 

With  a  little  field  experience  Mr.  Fischer  would  see  the  advantage 
of  this,  and  would  understand  why  the  striding  level  can  be  relied  on 
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for  iudioating  the  direction   of  the  line  of  sight  to  a  much  greater  Mr.  51olitor. 
extent  than  can  reasonably  be  expected  for  a  fixed  level  tube.     The 
cork  or  blotting  paper  for  mounting  the  level  vial  is  not  objectionable 
in  practice,  though,  in  principle,  the  elastic  metallic  supports  appear 
to  be  better. 

Mr.  John  F.  Hayford  has  contributed  a  very  lengthy  discussion, 
and,  while  he  has  given  the  subject  a  great  deal  of  consideration  and 
study,  he  views  things  almost  entirely  from  a  theoretical  standpoint. 
It  is  not  surprising,  therefore,  that  he  should  dissent  from  many  of 
the  conclusions  arrived  at  by  the  writer  through  practice  of  a  most 
painstaking  natiire. 

Mr.  Hayford  deserves  credit  for  having  pointed  out  numerous  errors 
in  faulty  diction  and  in  some  of  the  theoretical  reasoning,  though,  in 
several  instances,  he  incorrectly  builds  up  arguments  on  such  errors, 
and  attemjits  to  disprove  facts. 

In  regard  to  the  1900  Coast  and  Geodetic  Survey  Level  and  the  high 
tribute  paid  thereto  by  Mr.  O.  W.  Ferguson,  who  has  always  worked 
with  Kern  levels  previous  to  1899,  and  has  never  used  a  Mendenhall 
level,  and  probably  not  even  seen  one,  the  writer  questions  the  right 
to  apply  to  the  Bull' and  Berger  Precise  Level,  Xo.  2768,  the  arguments 
holding  good  for  a  comparison  made  between  the  Kern  level  and  the 
1900  Coast  and  Geodetic  Survey  instrument.  The  writer  has  used  both 
the  Mendenhall  and  Kern  levels,  and  can  say  with  authority  that  the 
disadvantages  cited  in  oj^position  to  the  Kern  level  do  not  in  any  way 
apply  to  the  former,  for  which  reason  (as  stated  in  the  paper)  the 
Buff  and  Berger  Precise  Level,  No.  2768,  or  the  Mendenhall  level,  was 
chosen  in  preference  to  all  other  levels  described.  There  could  be  no 
reason,  other  than  true  merit,  for  favoring  this  instrument  now,  because 
the  firm.  Buff  and  Berger,  is  out  of  existence,  and,  so  far  as  known,  this 
style  of  instrximent  is  not  offered  for  sale  at  the  present  time. 

All  the  objections  advanced  by  Mr.  Ferguson  against  the  Kern  level 
are  due  to  slight  defects  in  design  which  have  all  been  remedied  in  the 
Buff'  and  Berger  Level,  No.  2768,  even  to  the  extent  of  j^roducing  a 
mirror  which  shows  merely  the  level-tube  graduation  without  sur- 
rounding trees  and  houses. 

The  Kern  level  tube  is  held  in  position  by  clamps,  and  cannot  be 
readily  reversed  or  removed.  The  writer's  progTamme  of  reading, 
therefore,  is  not  well  adapted  to  this  instrument. 

Besides  leveling  up,  nothing  farther  is  necessary  to  put  the  Buff 
and  Berger  instrument  in  shape  for  observing,  neither  does  it  requii'e 
any  labor  to  prepare  it  for  carrying.  The  level  tube  is  not  held,  but 
rests  freely  on  the  telescope  collars,  and  is  guided  laterally  by  guides 
of  the  wye  frame.  The  observer  always  can'ies  the  level  tube  and 
the  umbrella,  and  the  umbrellaman  carries  the  bare  instrument  and 
tripod. 
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Mr.  Molitor.  In  the  general  directions  for  the  obsei-vers  of  the  Coast  and  Geodetic 
Survey,  it  is  required  that,  whenever  a  pair  of  lines  fails  to  close  within 
the  prescribed  limit,  both  lines  must  be  re-run.  If  a  third  line  should 
happen  to  form  an  acceptable  pair  (direct  and  reverse)  with  one  of  the 
first  lines,  why  would  these  not  be  as  good  as  a  third  and  fourth  line. 
The  first  pair  of  lines  must  have  been  run  at  different  times  (or  else  be 
simultaneous,  which  is  not  permissible),  and  there  is  no  reason  why 
the  errors  of  one  should  reflect  on  the  quality  of  the  other.  It  is  the 
writer's  experience  that  the  errors  nearly  always  belong  to  one  line 
(see  Table  No.  37),  and  the  experienced  observer  can  generally  identify 
the  poor  one  by  examination  of  the  notes  and  weather  remarks. 

Reading  the  rods  to  the  nearest  millimeter  will  be  found  entirely 
inadequate  for  high-class  work,  especially  for  sights  shorter  than 
50  m. 

Section  6  of  the  regulations  covers  the  idea  carried  out  by  the 
writer  in  duj^licating  readings  in  reverse  order,  so  f ar  as  this  is  liossible 
with  single  sights. 

Mr.  Hayford  favors  continuing  the  work  throughout  the  day. 
However,  the  kind  of  work  which  the  writer  has  done  permitted  this 
only  during  cloudy  weather  and  during  the  spring  and  fall  months, 
but  not  during  the  warm  summer  months.  There  may  be  different 
conditions  in  other  parts  of  the  country  which  would  alter  this  circum- 
stance, but,  so  far  as  known,  this  obstacle  has  been  encountered 
whenever  high-grade  work  was  attempted.  Most  of  the  work  done 
under  the  Mississippi  River  Commission  during  the  summer  was  run 
early  and  late  in  the  day.  This  point  is  clearly  covered  on  page  78, 
and  careful  reading  will  not  admit  of  much  difference  of  opinion. 

The  imi^ortance  which  the  writer  places  on  the  careful  equalization 
of  sights  is  seen  on  pages  80  and  84  (level  notes),  though  this  is  done 
as  an  additional  safeguard,  and  no  absolute  reliance  attaches  to  this 
feature  for  the  elimination  of  errors. 

The  resemblance  between  the  writer's  and  the  old  Coast  and  Geo- 
detic Survey  method  is  not  so  striking  when  it  is  remembered  that 
the  latter  method  is  based  on  bubble  readings  which  are  afterward 
reduced  to  the  horizontal,  while  the  former  necessitates  horizontal 
sights  with  the  bubble  always  in  the  center. 

It  is  difficult  to  understand  wherein  the  writer's  method  and  the 
Buff  and  Berger  Precise  Level,  No.  2768,  seem  to  leave  the  way  open  to 
systematic  temperature  eiTors,  when  Mr.  Hayford  freely  admits  that 
such  errors  are  not  manifested  by  work  under  the  Corjjs  of  Engineers 
with  the  Kern  level,  which  is  designed  on  the  same  lines  as  the  former 
instrument.  This  statement  is  entirely  illogical.  If  Mr.  Hayford's 
assumption  is  correct,  why,  then,  is  not  the  work  done  with  Kern  levels 
subject  to  these  errors?  The  principal  changes  made  by  the  Coast  and 
Geodetic  Survev  in  1898,  were  in  the  methods  of  observing  and  not  in 
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the  iustiiiiiu'ut.     ^Vlly,  thou,  crodit  the  improvement  in  results  to  the  Mr.  Molitor. 
iustrnmeut  ivh>iie  and  not  to  the  new  method? 

Mr.  Havford  advances  an  explanation  for  the  cause  of  systematic 
temperature  errors  which  were  inherent  in  the  old  Coast  and  Geodetic 
Survey  levels.  He  then  claims  that  the  work  of  1899,  done  with  the 
intermediate  type  of  level  (with  striding  level,  etc.),  and  that  done 
under  the  Corps  of  Engineers,  with  the  Kern  level,  was  in  each  case 
free  from  systematic  error,  and  then  expresses  the  belief  that  the 
writer's  levels,  run  vrith  the  Buft"  and  Berger  level  of  similar  design  to 
these  two,  are  subject  to  such  error.  If  the  intermediate  level  was  free 
from  systematic  error,  why  did  he  discard  the  striding  level,  and  design 
the  1900  instrument?  Also,  why  does  he  cast  reflection  on  the  validity 
of  the  wi'iter's  experiments  given  in  Table  No.  6,  when  the  results  there 
given  confirm  his  own  theory? 

In  attempting  to  discredit  the  observations  in  Table  Xo.  6,  Mr. 
Hayford  attributes  the  observed  changes  in  the  difference  of  elevation 
between  Points  1  and  2  to  the  method  of  observing  and  errors  of  read- 
ing. 

The  method  of  observing  cannot  be  responsible  for  the  variety  of 
results  there  given,  because  the  readings  were  not  subject  to  sudden 
and  erratic  changes,  and  ten  sets  could  be  taken  in  quick  succession 
without  obtaining  greater  differences  than  0.2  mm.  The  readings 
changed  only  when  the  atmospheric  conditions  changed.  All  this  is 
contradictory  to  the  view  so  liberally  expressed,  that  the  time  required 
to  take  a  set  of  readings  afiects  the  results.  This  is  true  for  the  time 
interval  elaj^sing  between  a  back  and  a  fore  sight,  because  of  possible 
refractive  changes,  but  it  is  not  true  for  a  duplication  of  pairs  of  sights. 
The  mean  of  two  pairs  will  always  be  better  than  either  one  by  itself. 

The  range  of  differences  in  the  readings  in  Table  No.  6  is  between  1 
and  2  mm.  for  a  30-m.  sight  read  on  a  2-mm.  rod  graduation,  where, 
for  50  diameters  magnification  the  apjjarent  magnitude  of  the  gradua- 
tion is  about  one-half  natural  size.  If  Mr.  Hayford  can  afford  to  call 
such  differences  errors  of  reading,  he  might  as  well  designate  precise 
leveling  as  nonsense.  The  same  applies  to  the  readings  in  Table  No. 
9,  where  the  observed  differences  are  still  larger. 

Mr.  Hayford  makes  several  partial  or  contradictory  statements 
regarding  small  errors,  some  of  which  he  calls  negligible  and  others 
equally  small  which  he  takes  jjartictilar  jjains  to  emjihasize. 

In  sijeaking  of  the  non-importance  of  changes  in  height  of  instru- 
ment resulting  from  re-leveling,  when  the  wye  cradle  is  j^ivoted  at 
one  end,  he  says  that  this  might  amount  to  ro  mm.  per  station  for  the 
1900  Coast  and  Geodetic  Survey  level,  and  that  this  is  a  negligible 
quantity.  For  a  coarser  level  it  might  be  several  times  this  amount, 
but  assuming  the  small  quantity  as  representative  and  that  the  back 
sights  are  always  read  first,  then  for  50-m.  shots  this  would  produce  a 
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Mr.  Molitor.  systematic  error  of  0.1-4  mm.  per  kilometer,  and  for  20-m.  shots  the 
amount  would  be  0.36  mm.  i^er  kilometer. 

Also,  in  discussing  the  effect  of  heaving  or  settling  of  the  instrument 
or  rods  he  claims  that  such  errors  seldom  exceeded  0.25  mm.  per  kilo- 
meter and  were  generally  less  than  0.1  mm.  He  also  figures  that  this 
would  amount  to  an  average  movement  of  from  0.007  mm.  to  0.04  mm. 
per  station,  and  concedes  that  either  quantity  is  too  small  to  be  read- 
able. In  another  place  it  is  required  to  read  the  rod  only  to  the  near- 
est millimeter  on  a  1-cm.  graduation.  In  this  instance,  however,  Mr. 
Hayford  is  not  satisfied  with  his  conclusion,  for  he  then  asks:  "Is  it 
not  true  that  this  source  of  error  is  sufficiently  dangerous  to  make  it 
imperative  that  all  lines  should  be  run  in  both. . .  .directions. . .  .if  the 
highest  degi'ee  of  accuracy  is  desired?" 

The  writer  nowhere  asserts  that  settlements  of  this  magnitude  are 
impossible,  but  he  states  that  these  would  be  quite  immaterial  to  work 
where  readings  are  taken  only  to  the  nearest  millimeter,  and  adds  here 
that  he  would  not  run  direct  and  reverse  lines  for  the  purpose  of 
eliminating  such  errors,  were  there  not  many  other  much  more  serious 
errors  to  be  considered. 

However,  if  duplicate  lines  are  justifiable  for  the  sake  of  ehminat- 
•     ing  such  a  minute  and  doubtful  quantity,  why,  then,  should  it  be  per- 
missible to  pivot  the  wye  cradle  at  the  end,  where  the  error  is  equally- 
large  and  probably  several  times  larger? 

In  giving  Table  No.  3,  no  assertion  was  made  respecting  the  con- 
clusiveness of  the  evidence  presented;  in  fact,  the  subject  is  treated 
with  considerable  reserve,  and  the  reader  is  allowed  to  draw  his  own 
conclusion. 

Mr.  Hayford,  in  citing  the  excellent  qualities  of  the  1900  Coast  and 
Geodetic  Survey  level  for  holding  adjustments,  concludes  that  a  lack 
of  such  qualities  in  the  Buflf  and  Berger  level  prompted  the  writer  ta 
state  that  no  reliance  should  be  placed  on  the  capability  of  a  level 
tube  for  holding  its  adjustment. 

"While  it  is  not  disputed  that  in  point  of  material  the  latter  instru- 
ment might  be  much  improved,  and  such  imjirovement  was  advocated 
by  the  writer  in  1898,  by  proposing  the  substitution  of  a  wooden  or 
glass  tube  for  the  bronze  case  of  the  level  tube,  yet,  with  the  instru- 
ment as  it  is,  no  difficulty  was  ordinarily  experienced  in  keeping  the 
level  in  almost  perfect  adjustment,  as  is  shown  by  the  readings  (see 
Tables  Nos.  12  and  13),  where  the  combined  bubble  and  collimation 
error  is  measured  for  every  sight.  Also,  to  cite  extreme  tests,  this 
instrument  was  last  used  in  1898  at  a  temperature  of  about  +  50° 
Fahx.,  and  was  in  good  adjustment.  It  was  then  put  into  the  box^ 
transported  4  miles  by  wagon  and  60  miles  by  rail;  it  then  stood  in  a 
warm  room  for  several  days,  and,  finally,  was  transjjorted  in  a  farmer's 
wagon  (without  springs)  for  a  distance  of  36  miles  over  a  rough  frozen 
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road  ami  usoil  to  run  a  tliiplicato  line  of  1  km.  at  +  10    Fahr.,  all  with-  Mr.  Molitor. 
out  acljustmeut. 

There  were  many  cases,  however,  when  the  bubble  was  adjusted 
several  times  durinpj  a  single  day,  biit  this  was  done  merely  to  keeji 
the  error  within  small  limits. 

Collimation  was  adjusted  onlytwice  during  a  whole  season,  and 
when  it  changed  it  did  so  siiddeuly. 

Still,  with  these  comparative  facts  in  plain  sight,  the  writer  would 
not  dispense  with  the  striding  level  or  the  invertible  telescope,  for  the 
very  evident  reason  that,  without  these,  there  is  no  absolute  assurance 
of  the  condition  of  the  instrument  except  at  the  times  when  the  errors 
are  measured.  Besides,  a  careful  determination  of  the  instrTiment 
errors  is  quite  time-consuming  and  frequently  unsatisfactory,  for 
which  reason  such  determinations  were  entirely  abandoned  by  the 
writer  in  his  field  methods. 

The  1900  Coast  and  Geodetic  Survey  level  is,  in  princiijle,  not 
superior  to  a  dumpy  level,  in  fact,  it  is  so  simple  that  it  ceases  to 
possess  the  virtues  of  a  precise  level.  In  saying  this,  the  writer  does 
not  mean  that  good  work  cannot  be  done  with  such  an  instrument,  but 
that  it  is  difficult  to  determine  its  errors  of  adjustment,  and  a  great  deal 
must  be  taken  for  granted,  which  the  results  of  careful  work  have 
taught  the  observer  to  regard  with  suspicion. 

In  this  new  instrument  the  thread  error  cannot  be  measured  accu- 
rately, and  the  thread  adjustment  should  not  be  changed  in  the  field. 
Also,  the  level-tube  error  is  not  directly  measiirable,  and  the  resultant 
error  of  the  instrument  must  be  determined  by  the  so-called  peg 
adjustment,  which  is  perfect  in  theory,  but  very  inaccurate  in  practice, 
unless  the  mean  of  many  observations  (say,  10  to  20)  be  used.  This 
instrument  error  is  measured  only  once  daily,  and  absolute  reliance  is 
placed  on  the  constancy  of  such  error  throughout  the  day.  Were  this 
combined  bubble  and  collimation  error  observed  continuously,  as  is 
done  by  the  writer's  method,  it  would  be  found  to  undergo  periodic 
changes,  a  fact  which  passes  unobserved  by  the  Coast  and  Geodetic 
Survey  instrument  and  method. 

If  the  levels  run  by  the  Kern  instrument  are  free  from  systematic 
cumulative  errors,  as  is  freely  admitted,  even  though  this  instrument 
has  a  striding  level  and  invertible  telescope,  why,  then,  was  it  necessary 
to  avoid  these  advantageous  features  in  designing  the  1900  level,  and 
add  others  which  are  distinctly  undesirable?  Would  it  not  have  been 
proper  to  first  establish  the  fact  that  the  cumulative  errors  found  in 
the  old  Coast  and  Geodetic  Survey  levels  were  due  to  defective  instru- 
ments, and  not  to  faulty  methods  of  observing?  It  might  be  interest- 
ing for  Mr.  Hayford  to  run  a  stretch  of  levels,  both  by  the  old  and  new 
methods,  to  determine  this  fact. 

While  the  least  probable  error  of  any  work  by  the  Coast  and  Geo- 
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Mr.  Moiitor.  detic  Survey  in  1899  is  ±  0.65  mm.  per  kilometer,  showing  a  marked 
imijrovement  over  the  former  work  by  this  department,  yet  such  a 
value  is  among  the  high  ones  for  work  with  the  Kern  level,  and  would 
scarcely  be  comi^arable  with  the  writer's  best  work,  where  the  probable 
eiTor  was  ±  0.33  mm.  per  kilometer. 

The  writer,  therefore,  contends  that  nothing  has  been  gained  by 
the  1900  Coast  and  Geodetic  Survey  level,  that  the  design  is  a  step 
backward,  but  that  the  mechanical  execution  and  materials  used  are 
worthy  of  imitation  and  may  be  accejated  as  a  decided  improvement 
over  anything  yet  produced. 

The  eri'oneous  statement  (page  12),  relative  to  the  coefficient  of 
expansion  of  paraffined  rods,  was  inadvertently  made,  and  has  been 
righted. 

Regarding  the  question  of  foot-plates,  the  writer  would  add  that  he 
has  used  both  plates  and  pins,  and  could  under  no  circumstances  give 
preference  to  the  former.  The  only  case  where  the  pin  cannot  be  used 
is  on  bed  rock,  and  here  the  plate  is  quite  as  useless,  and  the  rods  are 
generally  held  on  small  knobs  cut  with  a  cold  chisel.  The  writer  has 
worked  over  all  possible  kinds  of  country,  and  has  never  found  a  case 
where  the  pin  did  not  give  the  highest  satisfaction.  Like  experience 
is  shared  by  others.  This  again  does  not  mean  that  good  work  cannot 
be  done  with  foot-plates,  but  it  is  intended  to  convey  the  idea  that  the 
pin  is  safer  and  less  likely  to  be  disturbed,  and,  consequently,  saves 
re-running  of  work.  The  use  of  the  pin  is  regarded  as  a  step  in 
advance,  but  nobody  is  compelled  to  adopt  it  on  this  account. 

Mr.  Hayford  fails  to  see  the  advantage  of  placing  the  zero  of  the 
rod  graduation  above  the  foot  of  the  rod.  No  advantage  is  claimed, 
but  it  is  good  practice,  because  the  end  of  the  rod  is  subject  to  wear 
and  does  not  afibrd  a  good  point  for  making  comparative  rod  measure- 
ments. 

It  was  not  the  writer's  intention  to  involve  "  several  generations  of 
astronomers "  and  others  in  confusion  over  the  subject  of  collar 
inequality.  So  far  as  precise  levelersare  concerned,  the  writer  believes 
he  has  discovered  a  disparity  between  the  theoretical  solution  of  this 
problem  and  its  practical  a^jplication.  As  to  the  astronomers,  it  may 
be  added  that  a  discussion  bearing  on  this  point  has  been  published 
by  Dr.  W.  Jordan.* 

The  writer  is  indebted  to  Mr.  Hayford  for  pointing  out  some  very 
glaring  errors  on  pages  47  and  48,  some  of  which  have  been  cor- 
rected by  explanatory  foot-notes.  However,  imperfect  as  this  reason- 
ing may  be,  the  fact  still  remains  that  the  common  method  of  measur- 
ing the  error  due  to  collar  inequality  does  not  give  the  true  inclination 
between  the  axis  of  collimation  (as  defined  by  the  centers  of  the  collars) 
and  the  axis  of  the  level  tube,  except  under  certain  conditions. 

*  "Grundzuege.der  Astronom.  Zeit  und  Ortsbestimmung,"  Berlin,  1885,  p.  46. 
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Mr.  Hayfortl  states  that  when  corrections  for  (nirvature  and  refrac-  Mr 
tion  are  applied,  "the  method  shown  in  Table  No.  9  seems  to  be  cor- 
rect, and  should  give  a  value  of  the  collar  inequality  in  agreement 
with  that  of  the  ordinary  method  *  *  *  except  for  unavoidable 
errors  of  observation."  He  then  quotes  the  various  values  found  for 
this  function  at  diflFerent  times  by  the  two  methods,  and  concludes  that 
"  the  great  range  of  these  values,  and  the  fact  that  they  are  unusually 
large,  is  an  indication  that  the  concentration  of  the  wear  on  the  tele- 
scope collars  at  the  four  small  areas  has  produced  the  effect  which 
shoiild  be  expected." 

In  the  absence  of  further  proof,  such  a  conclusion  is  wholly  unwar- 
ranted, and  displays  a  very  unscientific  way  of  disposing  of  the  subject. 
As  a  matter  of  fact,  the  collars  show  no  appreciable  wear,  which  is 
visible  or  measurable  by  either  of  the  methods  named,  both  before 
and  after  the  instrument  was  used  for  over  100  miles  of  levels  by  the 
writer,  and  following  the  method  of  double  sights  with  level  tube 
reversals.  This,  Mr.  Hayford  might  have  seen  by  insjiection  of  the 
values  which  he  quoted  and  which  are  repeated  in  Table  Xo.  35  with 
dates  of  observation. 


TABLE  Xo.  35. 


£  BY  Writer's  Method. 


Date.  £  by  Common  Method. 


Millimeters  per  meter. 
Aug.  11th,  1898  ....  i  +0.0235 

May  5th,  1399 -f0.0276 


As  observed. 


Corrected  for  curv. 


Millimeters  per  meter.  Millimeters  per  meter. 
+0.0635  +0.0555 

+0.0624  I  +0.0544 


Hence,  whether,  or  not,  the  writer  has  succeeded  in  theoretically 
demonstrating  the  reasons  for  this  dispaz-ity,  the  fact  still  remains  that 
the  two  methods  do  not  give  similar  results.  For  different  instrujuents 
these  values  would,  of  course,  bear  a  different  relation  to  each  other. 
The  close  agreement  of  the  values  found  on  August  11th,  1898,  with 
those  found  on  May  5th,  1899,  after  running  100  miles  of  levels,  shows 
the  minute  wear  which  took  place  on  the  collars. 

According  to  Mi-.  Hayford,  the  collars  might  have  any  regular  shape 
without  affecting  the  validity  of  the  common  method,  so  long  as  the 
angles  a  and  /j  [Figs.  15  (a)  and  15  (b)]  are  equal. 

While  this  is  all  true  for  a  theoretically  perfect  reversal  of  the  tele- 
scope collars  in  the  wyes,  yet,  in  fact,  such  reversals  would  not  be  pos- 
sible, except  for  circular  collars,  for  which  reason  the  assumptions  on 
page  47  are  cited. 
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The  function  songht  is  the  angle  e  between  the  axis  of  collimation 
through  the  centers  of  the  collars  and  the  level  tube  axis.  Supposing, 
then,  that  the  collars  were  ellij)tical,  how,  in  j^ractice,  would  the  com- 
mon method  determine  this  angle?  Also,  if  the  contact  points  be- 
tween a  collar,  the  level  tube  and  the  wye  support  are  not  in  a  plane, 
how  can  the  theory  apiily  to  collars  which  have  become  worn  from 
use? 

Referring  again  to  Figs.  15  (a)  and  15  (b),  and  calling  all  dimen- 
sions linear  distances  for  collars  1  m.  apart,  in  which  case  e,  p,  x,  y,  t, 
q,  ?i' and  w'  could  also  represent  tangents  of  angles,  in  millimeters  per 
meter.     Then  p=  R  —  ?■  and 


t  =  J)  COS.  —  cot.  -^,  w  = 


p 


t 


(i 


■  p  sm. 


4+'' 


Also, 


and  y  =  w  —  p. 


q  =:  p  cos.  —^  cot. 


sm.- 


and  X   =w ' 


cos.  2 


By  as.signing  values  to  a  and  /5,  and  assuming  p  =  0.0276  mm. 
other  functions  mav  be  found  as  indicated  in  Table  No.  36. 


the 


TAELE  No.  36. 


a  =  P  =  180°. 

a  =  /3  =  0°. 

a  =  j8  =  20°. 

a  =  /3  =  90°. 

a  =  180=  and  ^  =  90°. 

t 

X 

Mm. 

=  W  =  0.0276 

=    5  =  0.0000 

=    y  =  0.0000 

Mm. 
Infinite. 

Mm. 
0.1596 
0.1543 
0.1320 

Mm. 
0.0390 
0.0195 
0.0114 

Mm. 
w  =  0.0390    tv'  =  0.0276 
t  =  0.0195      q  r=  0.0000 
y  =  0.0114     X  =  0.0000 

These  figures  illustrate  very  strikingly  the  effect  which  changes  in 
a  and  /?  have  on  the  telescoije  pointing  when  the  level  tube  is  always 
horizontal. 

The  total  angle  measured  by  the  level  tube  in  performing  the  ordi- 
nary determination  of  collar  inequality  is  A  e  =  4:  p  -\-  2  x  -\-  2  y,  and 
the  angle  between  the  collimation  axis  and  the  level  tube  axis  is  e  =  p  -\- 
X,  which  is  one-fourth  of  the  total  angle  only  when  x  ^  y. 

Hence,  when  a  and  fj  are  unequal,  then  x  and  y  are  unequal,  and  s  = 
p  +  X  cannot  equal  J  (4p  +  2  .v  -f-  2  ?/),  which  would  be  one  source  of 
eiTor,  though  small  in  comparison  to  the  discrepancy  found.  However, 
the  foregoing  may  serve  to  point  out  the  chances  for  errors  resulting 
from  iiTCgular  collars  and  the  other  factors  mentioned  on  page  47. 

To  avoid  any  doubt  regarding  the  interi^retation  of  the  common 
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inethod,  cue  set  of  the  observations  made  May  5th,  1899,  with  Buff  Mr.  Molitor. 
au(l  Berger  Level,  No.  2768,  is  giveu  here  iu  full: 

Telescope.  Level  tube.  Bubble  readings  from  center. 

Eye  end  N.  Direct.  N.  end.     17.0  S.  end.     10.4 

•'      "     "  Eeversed.         "     "        16.9  "     "        16.4 


33.9 

(4-1.1) 

32.8 

Direct.              " 

13.1 

-f- 0.275 

20.2 

Reversed.         " 

13.5 

<( 

19.9 

26.6     (—13.5)  40.1 

—    3.375 
Mean  N.  end  reading  minus  mean  S.  end  reading  =  4  €  =  -1-  0.275  —  (—  3.375)=  +  3.6.50 

or  e  =  +  0.912  bubble  division. 
The  value  of  the  level  tube  was  6.51  seconds,  which  gives  e  =  5.937  seconds,  =  0.02864  mm. 

per  meter. 

The  method  here  followed  is  taken  from  "  Theory  and  Practice  of 
Surveying."*     See,  also,  examjjle  on  i^age  47. 

The  conclusion  to  be  drawn  from  this  rather  lengthy  discussion  is 
that,  so  far  as  the  subject  of  leveling  is  concerned,  the  better  and 
probably  more  accurate  method  to  follow  in  the  determination  of  the 
residual  error  resulting  from  collar  inequality  and  possibly  other  sources 
is  the  one  given  by  the  writer  in  Table  Xo.  9;  except  that  a  smaller 
excess  of  sights  (say  from  20  to  30  m.  instead  of  70  m.)  might  be  chosen, 
to  reduce  the  error  of  refraction  and  curvature  to  a  minimum,  though 
correction  for  this  should  be  made  in  every  case. 

The  criticisms  of  Table  Xo.  16  are  not  proper,  and  the  final  figures 
in  Table  No.  31  are  entirely  unjustifiable,  because  the  value  0.0635 
includes  curvature  and  refraction  for  70  m.,  and  the  value  0.0276  is 
shown  to  be  erroneous,  although  correctly  determined  by  the  common 
method  for  finding  the  error  due  to  collar  inequality. 

It  is  admitted  that  the  data  presented  iu  Table  Xo.  6  are  not 
entirely  conclusive,  a  fact  well  known  to  the  writer  before  jjublishing 
them.  However,  the  conclusions  stated  on  pages  61  and  103  were 
arrived  at  j)rior  to  making  the  set  of  experiments  given  in  Table  Xo. 
6,  by  observing  the  closures  on  lines  run  during  June,  1899,  and  the 
special  experiments  were  really  made  to  give  more  weight  to  these 
conclusions. 

The  Avriter  had  intended  to  make  a  much  more  elaborate  set  of 
experiments,  by  observing  on  a  set  of  8  points  around  the  horizon  (all 
equidistant  from  the  instrument),  for  a  variety  of  weather  conditions 
and  different  methods  of  shading  the  instrument.  This  fond  hope  was 
never  materialized,  owing  to  the  fact  that  suitable  conditions  did  not 
present  themselves  during  continuance  of  the  work,  and  after  comple- 

*  By  Professor  J.  B.  Johnson,  page  574. 
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Mr.  siolitor.  tion  of  the  line  (Lake  St.  Clair  levels)  the  party  was  disbanded,  and 
no  permission  to  indulge  in  farther  investigations  of  this  kind  was 
obtainable  during  the  writer's  connection  with  the  service.  It  is  con- 
fidently hoped  that  such  work  may  still  be  undertaken,  and  much 
valuable  information  may  be  exi^ected  therefrom. 

However,  as  to  the  validity  of  the  conclusions  cited,  Mr.  Hayford's 
attacks  are  not  altogether  warranted,  even  in  the  absence  of  other 
supporting  evidence.  For,  if  the  facts  here  supposed  to  be  jDroven 
are  erroneous,  then  the  systematic  temperature  error  found  to  exist  in 
the  older  Coast  and  Geodetic  Survey  levels  is  likewise  unsupported,, 
for  both  show  a^iparently  the  same  thing,  viz.,  both  "tend  to  make 
elevations  carried  toward  the  sun  too  great,  and  vice  versa.''''  Why, 
then,  should  l^lx.  Hayford  reject  these  experiments  which  show  this, 
and  accept  merely  his  theoretical  proof? 

Again,  if  Mr.  Hayford  objects  to  basing  such  "important  conclu- 
sions" on  changes  as  small  as  0.9  mm.  on  a  30-m.  sight,  how  is  he 
warranted  in  drawing  any  conclusions  from  errors  amounting  to  only 
0.25  mm.  per  kilometer,  as  he  has  done;  and  what  would  he  designate 
as  a  measurable  error?  He  also  attempts  to  destroy  the  weight  of  the 
observations  in  Table  No.  6,  by  pointing  out  a  change  in  the  thread 
interval,  which  would  naturally  occur  on  such  a  set  of  readings. 

Each  thread  taken  by  itself  will  constitute  a  line  of  levels  Avherein 
the  collimation  is  not  in  adjustment,  except  possibly  for  the  middle 
thread.  An  examination  of  the  table  gives  differences  of  elevation  for 
thread  1,  varying  by  1.0  mm.  between  maximum  and  minimum  values. 
Likewise,  the  middle  thread  2  gives  1.3  mm.  and  thread  3  gives  2.8  mm. 
The  average  of  these  is  1.7  mm.  The  range  for  the  mean  values  given 
in  the  table  is  1.2  mm.  Hence,  while  the  thread  distances  did  undergo 
changes,  the  mean  values  give  a  range,  1.2  mm.,  almost  identical  with 
that  of  the  mean  thread,  1.3  mm.,  when  taken  by  itself.  Therefore,  the 
conclusions  which  the  writer  has  based  on  the  observations  as  a  whole 
are  not  vitiated  by  the  vai-iations  in  thread  distance. 

Mr.  Hayford  further  states  "  that  there  is  no  evidence  j^ut  forward 
*  *  *  to  determine  which  of  the  many  differences  of  elevation  was 
the  true  one."  While  this  was  not  discussed  at  length,  it  hardly 
seems  probable  that  anyone  would  exercise  such  poor  judgment  as  to 
assume  that  the  mean  of  all  the  values  is  the  best,  when  there  are  such 
apparent  evidences  of  disturbances  as  those  recorded  in  the  remarks 
column  and  shown  by  other  comments  in  the  text.^  The  first  pair  of 
sights  together  with  the  last  five  pairs  might  readily  be  accepted,  as 
indicated  by  the  readings,  their  mean  values  and  the  remarks.  This 
mean  is  287.93  mm.  The  other  values,  however,  indicate  decidedly 
the  presence  of  disturbances,  and  there  is  every  reason  to  reject  them. 

The  indications  are  that  the  direct  rays  from  the  sun  constitute  the 
disturbing  element.     Hence,  the  claim  that  the  true  readings  are  those 
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Mr.  Molitor.  taken  in  the  absence  of  this  disturbance  (as  before  sunrise  or  under 
dense  clouds),  is  correct  within  knowable  limits.  This  must  be 
acknowledged,  if  any  true  readings  are  considered  possible,  and  it  was 
taken  for  granted  that  this  fact  was  shown  directly  by  the  observa- 
tions without  further  proof. 

Another  fact,  not  so  clearly  shown  by  the  observations,  but  sub- 
stantiated by  many  of  the  writer's  lines,  is  that  the  temperature  error 
manifests  itself  only  during  midday  hours,  and  on  most  cool  days  (as 
in  spring  and  fall)  it  is  entirely  absent.  This  is  probably  not  a  new 
discovery,  for  nearly  all  the  high-class  work  done  under  the  Missis- 
sippi Kiver  Commission,  mostly  by  Assistant  Engineers  J.  B.  Johnson 
and  O.  W.  Ferguson  (see  Table  No.  21),  was  done  early  and  late  in  the 
day,  and  this  is  the  work  so  generally  recognized  as  free  from  cumu- 
lative errors.  Hence,  the  practice  of  the  Coast  and  Geodetic  Survey 
to  continue  work  throughout  the  day,  together  with  the  older  method 
of  reading  the  level  tube  off  center  and  reducing  to  the  horizontal, 
may  be  accepted  as  very  conclusive  evidence  of  the  causes  for  cumu- 
lative errors  in  the  old  work. 

The  writer's  conclusions  on  page  61  are  in  every  way  verified  by 
experience  and  supjjorted  by  the  observations  in  Table  No.  6,  as 
exi^lained  on  jaage  60.  Mr.  Hayford's  statement  to  the  contrary, 
"  that  direct  and  reverse  lines  run  during  the  same  half  of  the  day 
would  close  well,"  is  covered  by  Conclusions  1  and  2,  on  page  61, 
where  the  time  interval  between  the  runnings  is  either  zero,  as  for 
simultaneous  work  in  two  directions,  or  the  interval  is  too  short  to 
allow  the  conditions  to  change.  Usually,  this  is  not  the  case  when 
both  lines  are  run  by  one  party. 

A  careful  reading  of  jiage  60  will  leave  little  chance  for  doubt  as 
to  the  validity  of  the  writer's  conclusions  in  this  resiject,  though  a  few 
examples  of  lines  showing  the  practical  results  are  given  in  Table  No. 
37,  in  order  to  strengthen  these  arguments. 

These  stretches  are  not  jjarticularly  selected,  btit  represent  all  those 
of  wide  closures  where  constant  errors  might  be  exj)ected.  The  fol- 
lowing facts  are  striking: 

1. — The  rejected  or  bad  line  of  a  set  is  invariably  the  one  where  the 
shortest  sights  were  taken,  a  condition  made  compulsory  by  diflBcult 
reading.  Ordinarily,  the  shortest  sights  would  give  the  most  accurate 
results. 

2. — All  the  rejected  lines  are  those  run  nearest  to  noon,  where  the 
temperature  effect  is  greatest.  This  fact  enabled  the  observer  to 
identify  the  bad  line  of  each  pair,  so  that  a  third  line  would  always 
supply  the  data  for  an  acceptable  pair. 

3. — There  is  a  marked  tendency  for  lines  to  close  well  when  run 
during  symmetrical  poriions  of  the  day  with  resjiect  to  noon.  Six 
out  of  seven  stretches  show  this. 


DISCUSSION   ON    PRECISE  SPIRIT   LEVELING.  203 

4. — Lines  nm  dmiug  the  same  half  of  the  day  generally  close  wide.  Mr.  Molitor. 
Five  out  of  seven  show  this. 

5. — Lines  run  during  the  same  half  of  the  day  and  closing  well, 
were  both  run  either  sufficiently  late  or  early  in  the  day,  so  that  the 
presence  of  deleterious  temperature  efiects  was  very  improbable. 

All  these  facts  substantiate  the  conclusions  on  page  61,  though 
they  do  not  all  agree  with  Mr.  Hayford's  theory  regarding  the  direc- 
tion of  the  line  with  respect  to  the  position  of  the  sun.  Therefore, 
it  would  seem  more  jirobable  that  the  heat  effect  on  the  instrument 
resulted  in  a  curvature  of  the  telescope  rather  than  in  a  distortion  of 
the  level  tube,  in  which  case  the  countersunk  level  vial  of  the  1900 
Coast  and  Geodetic  Survey  level  w^ould  be  no  advantage.  The  writer 
believes  that  the  only  superior  qualities  of  this  new  instrument  are 
due  to  the  material  used  in  its  construction. 

Mr.  Hayford's  remarks  resi^ecting  work  throughout  the  day,  will 
not  stand,  either  in  theory  or  jiractice.  The  working  liours  rarely 
exceed  8  hours  of  actual  instrument  work,  and  are  generally  less. 
However,  8  hours  of  the  day  can  be  utilized  whether  the  midday  hours 
be  included  or  not ;  and  the  amount  and  quality  of  work  possible  in  a 
day  when  the  midday  hours  are  excluded  will,  with  rare  exceptions, 
exceed  that  producible  in  a  day  when  the  midday  hours  are  included 
and  short  sights  become  compulsory.  These  midday  hoiu-s  may  vary 
from  9  A.  M.-4  p.  m.  to  11  a.  m.-2  p.  m.,  depending  on  the  weather  and 
season  of  the  year. 

In  reaHty,  then,  there  is  a  decided  advantage  in  confining  the 
working  hours  to  those  which  are  conducive  to  good  results,  and 
then  working  hard,  rather  than  to  "peg  along"  during  the  hottest 
portion  of  the  day  and  afterward  be  compelled  to  reject  much  of  the 
work. 

The  statement  "that  it  might  have  been  urged  with  considerable 
force  that  errors  due  to  uneqiial  temperature  changes  in  the  instru- 
ment might  be  exjiected  to  be  smaller  during  the  early  and  late 
hours,"  etc.,  and  that  "such  an  argument  has  never  been  put  for- 
ward," is  not  correct  for  this,  is  one  of  the  strong  points  brought  out 
b)y  the  writer  in  various  places,  and  esi^ecially  on  pages  59  and  60. 

The  question  of  rapidly  changing  refraction  occurring  early  and  late 
in  the  day  is  rarely  ever  a  source  of  much  annoyance,  except  during 
unusually  warm  days  followed  by  very  cool  nights,  However,  the 
writer's  method  of  observing  always  reveals  these  errors  when  they 
exist,  and  the  celerity  with  which  back  and  fore  sights  are  taken  does 
not  permit  of  any  great  changes  in  refraction.  Vibrations  are  much 
more  annoying  and  dangerous.  Hence,  the  seeming  objections  are  not 
nearly  as  great  in  reality  as  in  theory. 

The  writer  does  not  concur  in  Mr.  Hayford's  statement  that  "it  is 
true  in  leveling,  as  it  is  true  in  general,  that  the  truth  is  to  be  reached 
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Mr.  Molitor.  by  observing  under  all  possible  conditions. "  This  is  true  when  one 
■wishes  to  ascertain  the  laws  of  level  errors,  but,  these  being  once 
established,  work  should  be  done  only  under  such  conditions  as  are 
favorable  to  the  exclusion  of  errors.  There  are  numerous  facts  on 
record  to  prove  that  selected  conditions  are  in  many  instances  the 
only  ones  furnishing  accejjtable  results.  All  base-line  measurements 
as  well  as  most  astronomical  and  geodetic  work  must  be  confined  to 
special  conditions. 

The  best  teacher  in  matters  of  this  kind  is  experience,  without 
which  the  theorist  will  often  go  astray. 

The  writer  freely  admits  that  he  has  made  a  few  mis-statements 
relative  to  the  theory  of  errors,  as  i^ointed  out  by  ]\Ir.  Hayford.  These 
have  been  rectified  in  the  paper,  except  the  one  relative  to  the  formula 
ziz  Vg  :=  -y/ 2  r^ ,  on  page  95,  where  it  is  stated  that  this  formula  is 
applicable  only  when  all  stretches  are  of  equal  length.  Strictly 
sj)eaking,  this  is  incorrect;  but  the  idea  intended  was  that  the  j)rob- 
able  errors  of  the  individual  stretches  were  absolutely  unreliable,  and 
hence,  could  not  serve  for  the  derivation  of  other  functions  as  r^. 

Mr.  Hayford  says  "  the  computed  probable  error  of  a  single 
kilometer  is  a  true  measure  of  the  relative  magnitude  of  the  errors 
belonging  to  the  accidental  or  compensating  class  in  different  lines. " 
This  error  involves   the   probable  errors  of  the  individual  stretches 

found  from  the  formula  ?•  =  ±  0.674      ,  where  all   observa- 


ni  {in  —  1) 
tions  are  of  equal  weight.  When  allowance  is  made  for  unequal  weights 

the  formula  becomes  r  =  ±  0.674     ^-^  ^  -'        . 

Referring  now  to  Table  No.  19,  the  probable  errors  of  the  two 
stretches,  as  found  from  the  errors  of  the  individual  turning  points,  are 
d=  0.517  mm.  and  ±  0.32  mm.  In  Table  No.  18,  these  same  stretches 
have  probable  errors  of  ±  0.01  mm.  and  ±0.11  mm.,  respectively, 
according  to  the  usual  interpretation  of  the  method,  as  applied  to 
leveling.     Would  Mr.  Hayford  accej)t  the  closing  errors  of  these  two 


/ -i      -i 

stretches,  and  determine  7\,=^'\J  0.01  +  0.11    =  ±0.110  mm.,  accord- 
ing to  the  process  followed  in  Table  No.  18,  or  would  he  prefer  the 


value  V  0.517  +  0.32  =  ±  0. 608  mm. ,  as  would  result  from  the 
jDrobable  errors  in  Table  No.  19?  Also,  in  the  absence  of  the  figures  in 
Table  No.  19,  would  he  attempt  to  assign  any  weights  to  these  obser- 
vations by  which  acceptable  values  for  the  r's  might  be  obtained? 

In  general,  level  observations  are  never  of  equal  weight,  and, 
frequently,  both  direct  and  reverse  differences  of  elevation  for  a 
single  stretch  may  be  on  the  same  side  of  the  truth.      Hence,  by  what 
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moral  ri^ht  could  auyone  disorimiuato  between  two  obKerved  vahies  Mr.  Mulitor. 
of  a  difference  of  elevation?    Also,  what,  then,  constitutes  the  worth  of 
the  theory  of  error  in  connection  with  the  sTibject  of  leveling?     The 
writer  aud  many  others  fail  to  see  any,  though  they  may  use  it  for 
want  of  something  better. 

The  foregoing  stretches  are  fairly  representative,  aud  may  safely  be 
classed  with  work  of  the  highest  attainable  accuracy,  yet  it  is  imi)os- 
sible,  by  any  process  of  reasoning,  to  assign  values  for  their  probable 
errors.  An  outright  guess  woiild  be  entitled  to  as  much  weight  as  any 
theoretical  value  assignable. 

Hence  the  real  question,  "  what  is  the  probable  error  of  a  jiair  of 
lines  over  a  given  stretch,"  cannot  be  answered;  from  which  it  follows 
that  ?*„  must  remain  a  conundrum. 

The  writer  does  not  wish  to  convey  the  idea  that  he  is  opposed  to, 
or  even  finds  fault  with,  the  theory  of  errors  in  general,  but  it  is  merely 
to  the  special  case  of  two  observations  that  the  application  of  the 
theory  is  not  considered  of  jsractical  value. 

In  response  to  Mr.  W.  S.  Williams  the  writer  would  say  that  a  more 
careful  reading  of  the  jjaijer  would  have  precluded  the  necessity  of 
saying  more  on  the  subject  of  refraction  errors.  The  paper  abounds 
in  references  to  this  source  of  error  (pages  55,  56,  57  and  78),  and  one 
of  the  princii^al  reasons  for  the  duplication  of  readings  is  to  detect 
the  presence  of  such  errors,  which  single  sights  fail  to  do  until  a  stretch 
is  closed. 

Professor  C.  L.  Crandall  has  j)ointed  out  an  error  on  page  42,  in 
comj^aring  the  effect  on  rod  readings  by  using  a  2.7-second  aud  a 
9 -second  level  tiibe.  What  the  writer  meant  to  show  was  the  effect  of 
a  0.1-division  error,  in  these  respective  levels,  on  rod  readings  at  100  m. 
It  would  not  have  been  fair  to  apply  the  mean  error,  as  given  in 
Table  No.  4,  to  a  single  rod  reading,  where  the  bubble  might  readily 
be  0.1  division  out  of  center. 

Very  sensitive  levels  have  long  been  used  by  observers  in  Ger- 
many, Switzerland  and  the  United  States,  and  have  given  no  such 
trouble  as  predicted  by  Messrs.  Claye  and  Lallemand.  Also  the 
50-diameter  magnifying  power  of  the  Kern,  and  Buff  and  Berger  levels 
has  not  increased  the  weights  by  siTch  enormous  proportions  as  claimed. 

In  his  criticism  of  the  writer's  treatment  of  collar  inequahty  (pages 
46  and  47),  Professor  Crandall  is  correct,  to  the  extent  that  the  level 
tube  should  be  reversed  before  and  after  changing  ends  with  the  tele- 
scope. However,  his  further  conclusion,  that  the  example  on  page  47 
simply  measures  twice  the  error  of  the  level  tubfe,  is  entirely  wrong, 
because,  in  this  case,  the  level  tube  was  in  perfect  adjustment.  When 
there  is  an  error  in  the  level  tube,  this  process  would  measure  the 
combined  error  of  level  and  collar  ineqiaality. 

Professor  J.  B.  Johnson,  though  ut>t  participating  in  the  discussion, 
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Mr.  Molitor.  has  iDointed  out  a  few  errors,  mostly  in  Table  No.  21,  all  of  which  have 
been  corrected  in  the  paper  as  now  printed. 

It  was  the  writer's  intention  to  i^resent  the  facts  relating  to  precise 
leveling,  and  he  hereby  exjjresses  his  thanks  and  warm  appreciation 
to  those  who  have  contributed  their  knowledge,  and  assisted  him  in 
achieving  this  j)urpose. 

With  the  same  motive,  the  writer  felt  called  upon  to  write  a  com- 
Ijaratively  lengthy  closing  discussion  to  set  aright  those  facts  which 
had  been  assailed  by  seemingly  plausible  arguments  of  doubtful 
weight. 

A  very  valuable  collection  of  the  results  of  "Precise  Leveling  in 
the  United  States,"  by  Mr.  John  F.  Hayford,  Assistant,  Insi^ector  of 
Geodetic  Work  and  Chief  of  the  Computing  Division  of  the  United 
States  Coast  and  Geodetic  Survey,  will  be  found  in  Appendix  8  of  the 
Report  of  the  Survey  for  1898-99. 
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WITH   DISCUSSION.* 

The  reports  of  the  New  York  Canal  Commission  on  a  barge  canal 
between  Buffalo  and  Albany,  and  of  the  United  States  Commission  on 
ship  canals  21  ft.  deep  and  30  ft.  deep  between  Buffalo  and  New  York, 
giving  estimates  of  cost  and  other  information,  enable  us,  by  gauging 
the  probable  benefits  to  be  derived  from  them,  to  judge  the  merits  of 
each  of  these  enterprises. 

There  are  advocates  who  sincerely  believe  that  railroad  transpor- 
tation is  cheaper  than  transportation  in  narrow  waterways.  Their 
opinion  is  based  on  the  undoubted  fact  of  the  abandonment  of  many 
canals,  and  on  State  subventions  received  by  others  which  are  not 
abandoned  but  are  doing  an  increasing  business. 

The  notion  that  the  free  play  of  economic  forces  would  induce 
private  enterprise  to  build  canals,  as  railroads  are  built,  if  they  would 
really  furnish  a  cheap  means  of  transportation,  has  still  great  influ- 
ence on  many  minds,  and  creates  at  least  a  prejudice  which  must  be 

*  This  paper  was  discussed  with  that  of  Mr.  Wisner  (page  234).  The  joint  discussion 
will  be  found  on  pages  240,  et  seq. 
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overcome  before  they  are  willing  to  vote  in  favor  of  taxes  for  their 
construction. 

There  are  also  varioiis  enthusiasts,  anti-monopolists,  and  other 
enemies  of  railroads,  who  are  in  favor  of  anything  that  they  believe 
vriU  destroy  the  monoiDoly  of  the  latter,  regardless  of  any  careful 
weighing  of  costs  and  advantages  to  be  gained. 

One  erroneous  argument,  often  used  by  advocates  of  water  trans- 
portation, consists  in  a  direct  comparison  of  average  freight  rates  on 
the  Lakes  and  ocean  with  the  average  freight  rates  of  railroads.  The 
average  freight  rate  on  the  railroads  of  the  United  States  was  in  1899 
0.724  cent  per  ton-mile,  while  the  average  freight  rate  on  the  Lakes  and 
Atlantic  was  until  recently  about  one-tenth  as  much.  This  comparison, 
however,  is  misleading,  since  a  very  much  larger  jDercentage  of  the 
lake  freight  consists  of  crude  materials  than  is  the  case  with  railroad 
freight.  On  the  Lakes,  ore,  grain,  coal  and  lumber  form  the  bulk  of 
the  freight,  and  it  would  be  more  correct  to  compare  the  average 
freight  rate  on  the  Lakes  with  the  average  freight  rate  on  railroads  for 
these  articles  only. 

The  average  haiil  on  the  Lakes  and  Atlantic  is  very  much  more 
than  on  railroads;  this  is  another  reason  w'hy  ton-mile  rates  are  lower 
by  water  than  by  rail,  since  the  average  rail  rates  include  expensive 
short-haul  freights  as  well  as  through  freights.  If  allowance  is  made 
for  these  differences  it  is  found  that  the  freight  rate  per  ton-mile  on 
the  Lakes  and  Atlantic  is  about  one-fifth  and  not  one-tenth  of  the 
ton-mile  rate  charged  by  1-ailroads  for  similar  freight  transported 
over  similar  distances,  with  favorable  grades,  which  latter  are  always 
obtainable  along  water  routes. 

To  obtain  the  average  rates  for  water  transportation  it  is  necessary 
to  take  a  number  of  years  into  consideration,  since  the  variations  from 
year  to  year  are  much  larger  than  on  railroads.  Recently,  all  freight 
rates  by  water  were  excessively  high,  from  transient  causes,  but  it  is 
certain  that  they  will  shortly  recede  to  the  level  of  the  last  few  years, 
and  probably  lower,  in  consequence  of  the  larger  and  more  economical 
steamers  which  are  now  being  built.  This  ratio  of  charges  of  5  to  1, 
however,  does  not  quite  represent  the  ratio  of  cost,  since  the  railroad 
charges  include  interest  and  profit  on  caj^ital  invested  in  line  and 
terminals  and  the  cost  of  their  maintenance,  w^hile  the  terminal 
facilities  of  waterways,  and  the  interlake  channels  with  their  lighting, 
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lire  partlv  proviJi'd  by  tlio  piililic  without  cbarf^e,  iiud  therefore, 
the  ei)st  iiu'urreil  oii^ht  to  he  added  to  the  freight  rates  by  water 
in  the  proi)er  i)roportion  to  obtaiu  a  fair  comi)arisou  with  railroad 
rates. 

The  endeavor  will  be  made  in  this  paper  to  show  that  the  argu- 
ments based  on  past  exijerieuce  with  canals  are  inconclusive,  and  to 
give  the  real  reason  why  private  capital  cannot  safely  undertake  the 
construction  of  the  canal  here  considered  and  count  with  certainty 
on  receiving  the  benefits  derived  from  it.  It  is  a  necessary  condition 
for  the  success  of  human  intercourse  that  he  who  confers  a  benefit  on 
others  receive  an  equivalent  benefit  in  exchange.  Wherever  there  is 
free  competition  between  those  providing  the  different  kinds  of  bene- 
fits or  goods,  and  between  those  desiring  them,  this  offers  the  means 
of  ascertaining  what  are  equivalent  benefits  or  what  is  the  relative 
value  of  different  goods. 

Where  such  comi^etition  is  absent  it  is  extremely  difficult,  if  not 
entirely  imiJossible,  to  ascertain  w-hat  would  be  an  equivalent  benefit 
for  a  service  rendered,  or,  in  other  words,  what  would  be  a  fair  charge 
for  the  same. 

On  account  of  this  impossibility  of  ascertaining  what  is  a  fair 
charge  for  services  which  in  consequence  of  their  nature  exclude  com- 
petition, public  opinion  is  fluctuating  on  this  point.  In  any  business 
which  is  a  monojioly  seriously  aftecting  the  welfare  of  a  very  large 
number  of  people  who  can  easily  co-ojjerate  politically,  interference 
with  the  liberty  of  charging  what  the  traffic  will  bear  must  always  be 
feared,  and  the  probable  jsrofits  can  therefore  not  be  estimated.  All 
those  benefits  which  can  be  rendered  at  very  much  reduced  cost,  if 
manufactured  on  an  extremely  large  scale,  limit  or  entirely  exclude 
competition.  All  means  of  transportation  belong  to  this  class.  A 
highway  will  facilitate  transportation,  and  the  cost  of  the  unit  of 
benefit  rendered  by  it  falls  rapidly  with  the  amount  of  traffic.  A  fair 
toll  on  a  highway  privately  owned  would  be  such  as  would  give  an 
equal  return  to  the  capital  invested  in  its  construction  as  that 
obtained  by  capital  invested  in  competitive  enterprises  of  equal  risk, 
and  managed  with  the  same  amount  of  skill. 

This  needs  only  to  be  stated  to  show  the  impossibihty  of  ascer- 
taining what  is  a  fair  toll  when  the  highway  is  constructed  without 
sufficient  pubhc  control  to  show  the  amount  of  capital  really  expended, 
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not  to  si3eak  of  the  difficulty  of  judging  the  risk  and  the  skill  used  in 
the  enterprise. 

So  many  interests  are  affected  by  the  amount  of  the  tolls  collected 
on  highways,  and  the  usefulness  of  a  highway  is  so  much  reduced  by 
the  collection  of  uniform  tolls  of  any  size,  that  highways,  where  they 
have  been  built  by  private  enterprise,  have  mostly  been  expropriated 
and  the  tolls  abrogated. 

Private  railways  are  not  quite  as  precariously  situated  as  either 
highways  or  canals. 

In  a  rapidly  developing  country,  if  a  State  regulates  the  railroad 
charges  so  that  they  pay  no  fair  return  on  the  capital  invested, 
railroad  building  or  improvement  of  facilities  is  stopped,  and  this  is 
soon  felt  to  be  such  an  obstacle  to  further  growth  that  public  ojDinion 
becomes  more  favorable  to  railroads,  and  permits  them  to  profit  by  the 
increase  in  traffic.  It  is  further  evident  that  comjietition  very  largely 
influences  many  railroad  charges;  they  are  therefore  not  arbitrary,  and 
in  consequence  there  is  a  strong  element  in  public  opinion  advocating 
that  they  be  left  alone,  which  succeeds  in  greatly  tempering  jiublic 
interference. 

It  is  felt  more  and  more  that  the  only  fair  way  to  fix  the  compensa- 
tion of  the  various  factors  contribiiting  to  the  creation  of  jDublic 
benefits  outside  the  range  of  competition  is  to  induce  the  caijitalists 
to  furnish  their  contribution,  not  by  promising  them  the  net  earnings 
which  they  might  get  by  managing  the  enterjirise  and  charging  what 
the  traffic  will  bear,  but  by  promising  the  smallest  rate  of  interest  for 
which  the  capital  is  obtainable  in  the  open  market,  and  compensating 
the  various  grades  of  labor  by  wages  and  salaries  in  the  same  manner 
as  the  capitalist  would  have  to  do.  The  entrepreneur  is  in  this  case 
the  public,  which  is  then  at  liberty  to  charge  for  the  services  rendered 
whatever  is  thought  most  advantageous  for  the  public  welfare. 

A  private  company  which  would  propose  to  build  a  canal  between 
the  lakes  and  New  York  would,  in  the  jiresent  state  of  public 
oijinion,  probably  be  unable  to  obtain  a  charter,  and,  should  it  obtain 
one,  it  would  be  so  entirely  at  the  mercy  of  the  ijublic,  in  respect  to 
the  charges  which  would  be  permitted,  that  it  probably  could  not 
raise  the  necessary  capital. 

The  ijroposed  jjroject,  if  we  consider  now  that  recommended  by 
the  United   States  Commission,    of   a  canal  21   ft.   deep   and   215  to 


MAYER  ON  CANALS  FKOM  THE  LAKES  TO  NEW  YORK.  211 

li50  ft.  wide  at  the  bottom,  through  the  Niagara  liiver  fi'om  Bufl'alo 
to  Lasalle,  thence  by  eight  locks  to  Lewiston,  then  through  Lake 
Ontario  to  Oswego,  from  there  to  Lake  Oneida  and  through  the 
Mohawk  Valley  to  the  Hudson,  is  a  waterway  that  would  permit  free 
access  fi'om  all  the  Lakes  to  the  ocean,  for  vessels  550  ft.  long,  58  ft. 
beam  and  19  ft.  draft;  it  would  make  them  available  in  winter,  and 
would  thereby  reduce  cost  of  local  transportation  on  the  Lakes;  it 
would  connect  the  harbors  serving  the  most  productive  regions  of  the 
United  States  with  each  other  by  an  unobstructed  waterway,  avoid- 
ing transfer  of  freight  from  lake  vessels  to  canal  boats,  and  from  these 
to  ocean  steamers. 

There  are  only  three  waterways  which  approach  this  one  in  the 
nature  and  maguitiade  of  the  services  rendered — the  Suez  Canal,  the 
Sault  Ste.  Marie  Canal  and  the  waterway  between  Lakes  Huron  and 
Erie.  While  the  Suez  Canal  saves  thousands  of  miles  of  distance,  or 
the  two  transfers  and  a  short  railroad  haul,  which  would  be  necessary 
in  its  absence,  the  three  other  canals  of  this  class  save  transfers  at 
each  end  which,  with  the  attendant  charges  or  costs,  the  delays  in 
loading  and  unloading,  and  the  risks  of  damage  to  goods,  are  eco- 
nomically considered  eqiiivalent  to  thousands  of  miles  of  distance. 

Isolated  canals  suffer  from  the  disadvantage  that  their  cheap  trans- 
jjortation  is  overbalanced  by  the  necessity  of  transfers  for  all  the 
freight  either  coming  from  or  going  to  points  which  they  do  not 
reach.  They  might  be  called  transfer  canals,  while  the  four  canals 
above  grouped  together  are  transit  canals. 

The  canals  of  Europe,  where  they  are  successful,  are  parts  of  large 
systems,  thereby  increasing  the  number  of  points  accessible  without 
transfer;  they  stand,  therefore,  more  nearly  on  an  equal  footing  with 
raih'oads  in  this  respect.  They  form  an  intermediate  link  between 
the  isolated  canals  creating  transfers  and  the  canals  connecting  large 
systems  of  water  transportation  which  save  transfers. 

This  difference  is  sufficiently  important  to  vitiate  all  inferences 
drawn  from  the  failure  of  canals  of  one  class  to  the  prospects  of  those 
of  another. 

The  cost  of  running  a  vessel  though  the  proposed  ship  canal 
between  Buffalo  and  New  York  is  no  mystery.  The  practicable  speed 
is  known  by  experience  wdth  other  canals  of  similar  dimensions. 
Leaving  for  later  consideration  the  interest  on  .cost  of  canal  and  its 
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ojierating  expenses,  it  is  sufficiently  accurate  to  say  that  the  cost  per 
ton-mile  of  running  a  vessel  through  the  canal  is  larger  than  that  on 
the  lakes  in  the  proportion  that  the  time  required  to  pass  through  the 
canal  is  larger  than  that  for  an  equal  distance  on  the  Lakes.  The 
speed  of  the  newer  freight  steamers  on  the  Lakes  is  about  twelve  miles 
per  hour;  the  speed  through  the  St.  Clair  flats  canal,  of  dimensions 
similar  to  those  of  ^he  canal  proposed  between  the  Lakes  and  the 
Hudson,  is  over  eight  miles  pev  hour,  as  found  by  actual  measure- 
ments by  the  United  States  Canal  Commission.  To  estimate  the 
increase  in  cost  of  transportation  due  to  this  reduction  in  speed  it  is 
important  to  separate  the  total  cost  of  transj^ortation  into  two  parts, 
the  one  due  to  the  running  of  the  vessel,  which  increases  as  the  dis- 
tance, and  the  other  due  to  the  expenses  at  terminals,  which  is  dejiend- 
ent  on  the  number  of  trips,  and  is  not  materially  affected  by  an 
increase  in  the  time  sijeut  while  running.  For  trips  between  the  Upper 
Lakes  and  Buffalo  not  more  than  two-thirds  of  the  exjjenses  of  vessel 
owners  are  incurred  for  running  the  vessels  between  terminals.  The 
ship  canal  between  Buffalo  and  New  York,  proposed  by  the  United  States 
Canal  Commission,  has  102  miles  of  canal  of  standard  section  and  96 
miles  of  canalized  river  in  which  the  bottom  width  varies  between  250 
and  1  030  ft.  If  we  assume  for  the  whole  length  of  restricted  channel, 
amounting  to  198  miles,  a  speed  of  8  miles  an  hour,  which  can  be  ex- 
ceeded in  some  parts  of  it,  the  time  required  for  passing  through  this 
channel  would  be  24. 75  hours,  or  the  same  as  would  be  required  for  a 
distance  of  297  miles  on  the  open  Lakes,  an  increase  over  actual  distance 
of  99  miles.  The  delay  caused  by  the  37  lockages  would  be  equal  to  23^ 
hours,  which  would  be  sufficient  to  cover  276  miles  in  the  oj^en  Lakes. 
The  time  required  for  going  from  Chicago  to  New  York,  an  actual 
distance,  via  the  proposed  canal,  of  1  367  miles,  would  be  the  same  as 
that  required  for  covering  a  distance  of  1  742  miles  on  the  ojjen  Lakes. 
The  average  charge  on  the  Lakes  for  low-class  freight  between 
Chicago  and  Buffalo  was,  in  theyeai's  before  the  recent  abnormal  rise, 
below  50  cents  a  ton,  of  which  33.3  cents  only  is  due  to  the  distance 
to  be  covered,  and  16.7  cents  is  due  to  terminal  expenses  incurred  by 
carrier.  If  these  terminal  expenses  of  carrier  remain  the  same,  the 
only  increase  in  total  freight  charge  to  New  York  over  that  to  Buffalo 
will  be  due  to  the  increased  time  required  in  going  from  Chicago  to 
New  York  instead  of  to  Buffalo.     The  increase  is  as  890  miles  to  1 742 
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niilos,  aud  the  charge  for  transportation  proper  would,  therefore,  bo 
G5.3  cents  per  ton  instead  of  33.3  cents.  If  we  add  to  this  the  charge 
of  16.7  cents  due  to  terminal  expenses  of  carrier,  we  obtain  82  cents 
per  ton  as  the  probable  future  charge  for  low-class  freight  from 
Chicago  to  New  York.  This  is  at  the  rate  of  0.60  mill  per  ton-mile 
for  the  actual  distance  of  1  367  miles. 

This  rate  is  nearly  identical  with  the  rate  per  ton-mile  between 
Chicago  and  Buftalo  ruling  before  the  recent  rise  in  lake  freight  rates, 
and  corresponding  to  50  cents  a  ton  between  the  latter  points. 

This  illustrates  the  great  advantage  of  the  absence  of  transfers;  the 
terminal  expenses,  being  distributed  over  a  greater  number  of  ton- 
miles,  decrease  the  total  rate  per  ton-mile  as  much  as  it  is  increased 
by  the  slower  speed  on  the  canal. 

Any  comparison  of  actual  ocean,  lake  or  railroad  rates  between 
l^oints  of  widely  varying  distances  will  show,  other  things  being 
equal,  that  the  ton-mile  rate  decreases  with  the  distance.  Between 
San  Francisco  and  Eurojae  the  ton-mile  rate  falls  sometimes  to  0.03 
cent  for  grain  and  0.02  cent  for  coal  returning;  while  between  New 
York  and  Europe  ton-mile  rates  twice  as  high  prevail.  This  clearly 
shows  that  a  large  percentage  of  the  freight  charge  is  due  to  terminal 
expenses. 

The  above  rate  of  82  cents  per  ton,  Chicago  to  New  York,  is  the 
charge  toward  which  the  actual  freight  rate  might  be  exjaected  to 
gravitate,  after  the  profits  in  the  business,  which  would  at  the  begin- 
ning probably  be  excessive,  should  have  fallen  to  a  normal  amount. 
The  same  rate,  increased  by  4  cents  per  ton  for  every  hundred  miles 
distance  from  New  York,  might  be  expected  to  rule  between  Chicago 
and  places  beyond  New  York. 

Six  days  would  be  the  time  required  for  the  transjjort  of  through 
freight  between  Chicago  and  New  York. 

This  quick  time,  and  the  absence  of  transfers,  w^ould  have  the  effect 
that  a  large  amount  of  high-class  freight  could  be  secured,  for  which 
the  present  charge  is,  by  rail,  i|i;6  to  ^15  per  ton,  according  to  class. 

The  freight  charge  for  wheat,  Chicago  to  New  York,  corresponding 
to  the  above  rate  of  82  cents  per  ton,  is  2. 46  cents  per  bushel. 
Through  the  present  Erie  Canal  the  charge  for  wheat,  Chicago  to  New 
York,  was  in  1898,  4.82  cents  per  bushel.  The  savmg  would  therefore 
"be  2.36  cents  per  bushel  in  comparison  with  the  cheapest  and  slowest 
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mefhod  of  transportation  now  available.  Since  the  freight  tonnage  of 
the  New  York  State  canals  is  only  about  5%  of  that  of  the  railroads 
crossing  the  State,  it  is  more  reasonable  to  compare  the  charges  for 
freight  through  the  new  canal  with  the  lake  and  rail  and  with  the  all- 
rail  rates  now  existing  between  Chicago  and  New  York.  The  lowest 
average  lake  and  rail  rates  for  wheat  ruled  in  1898,  when  they  were 
5.4  cents  per  bushel.  The  lowest  average  all-rail  rate  is  given  at  10 
cents  per  bushel;  6  cents  per  bushel  has,  however,  sometimes  ruled 
from  Chicago  to  the  seashore. 

In  comparison  with  lake  and  rail  rates,  the  saving  on  the  new  canal, 
offering  far  better  service,  would  be  2.94  cents  per  bushel. 

For  wheat  going  to  points  on  the  Atlantic  coast  which  cannot  be 
reached  by  present  canal  boats,  or  to  Europe,  the  transfer  in  New  York 
could  be  avoided  by  the  use  of  ocean  steamers  loading  at  upper  lake 
jDorts.  Not  only  the  transfer  charges  in  New  York  would  thereby  be 
saved,  but  the  costs  due  to  the  loss  of  time  of  both  carriers  engaged  in 
the  transfer,  and  the  total  saving  in  comparison  with  j^resent  charges 
for  transport  from  ujjper  lake  jioints  to  all  points  beyond  New  York  and 
immediate  vicinity,  would  be  over  5  cents  i^er  bushel,  or  ^1.67  per  ton. 

Advocates  of  a  barge  canal  between  New  Y'ork  and  Buffalo  lay  much 
stress  on  the  low  cost  of  barges  and  lake  vessels  per  ton  of  carrying 
capacity  in  comparison  with  ocean  steamers,  and  by  assuming  that  an 
ocean  steamer  or  lake  vessel  would  have  to  go  at  the  rate  of  4  miles  an 
hour  between  New  York  and  Buffalo,  and  would  remain  as  long  at 
terminals  as  a  canal  boat,  they  figure  out  advantages  for  a  shallow  canal 
with  the  present  system  of  transfers.  Their  assumptions  are,  however, 
not  justified  by  the  facts.  The  disadvantage  of  ocean  steamers  arising 
from  the  necessity  of  a  stronger  hull  than  is  required  for  lake  steamers, 
and  from  the  use  of  surface  condensers  has  been  greatly  exaggerated 
by  comparing  the  cost  of  fast  and  durable  ocean  steamers  with  that  of 
much  slower  and  short-lived  lake  steamers,  without  making  allowance 
for  these  differences.  The  difference  in  cost  that  does  exist  in  this 
respect  is  overbalanced  by  the  fact  that  the  ocean  steamer  can  run  for 
12  months  in  the  year,  while  the  lake  steamer  is  limited  to  an  open 
season  of  8  months.  The  interest  charge  per  month  of  running  time 
is  therefore  less  for  an  ocean  steamer  than  for  a  lake  steamer  of  equal 
carrying  capacity,  equal  speed  and  durability. 

A  lake  steamer  can  give  only  transient  emiiloyment  to  its  personnel 
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duriuf?  a  season  of  tho  yoar  wheu  wages  are  liii^h,  while  the  oceau 
steamer  can  give  permanent  employment,  ami  obtains,  therefore,  a 
cheaper  service.  • 

Ocean  freight  rates  are,  in  consequence,  rather  lower  than  freight 
rates  on  the  lakes.  Canal  boats  costing  only  88  per  ton  carrying 
capacity  could  not  safely  go  beyond  the  canal.  They  would  obtain  in 
a  barge  canal  a  speed  of  only  4  miles  per  hour;  the  thereby  increased 
cost  of  labor  per  ton-mile,  and  the  delays  due  to  transfers  of  freight 
more  than  balance  the  advantages  gained  by  lower  interest  charge. 

Should  a  canal  of  the  kind  proposed  by  the  United  States  Canal 
Commission  be  built,  the  through  freight  business  between  the  lake 
points  and  transatlantic  countries  would  be  done  largely  by  medium- 
sized  ocean  steamers,  while  lake  steamers  and  coasting  vessels  would 
do  the  through  business  between  lake  points  and  the  Atlantic  coast 
harbors,  and  barges  might  be  used  for  local  business.  Even  the  local 
business  done  in  barges  could  be  done  much  cheaper  in  a  ship  canal 
than  in  a  barge  canal,  because  the  practicable  sjoeed  in  the  former 
would  be  twice  that  in  the  latter. 

In  regard  to  the  amount  of  business  which  could  be  expected  for 
such  a  canal,  it  need  only  be  mentioned  that  were  it  finished  now, 
200  000  000  bushels  of  wheat  and  its  products,  and  250  000  000  bushels 
of  corn,  or  12  250  000  tons  in  these  two  items  alone,  would  probably  be 
transported  through  it  in  an  average  season.  Adding  to  these,  other 
grains,  ore,  coal,  lumber,  salt,  stone,  cement  and  the  lai'ge  amount  of 
high-class  freight  which  might  be  expected,  it  is  evident  that  20  000  000 
tons  is  a  low  estimate  of  the  probable  freight  per  year  shortly  after  its 
Oldening. 

The  traffic  of  the  Sault  Ste.  Marie  Canal  has  doubled  every  six 
years  during  the  last  twenty-four  years;  it  was  25  000  000  tons  in 
1899.  If  we  compare  the  productivity  and  population,  or  the  tonnage 
visiting  the  harbors  at  both  ends  of  the  Sault  Ste.  Marie  Canal,  with 
those  at  both  ends  of  the  canal  between  the  lakes  and  New  York,  we 
can  hardly  believe  that  the  latter  will  have  a  smaller  amount  of  freight 
than  the  former. 

The  Detroit  Eiver  has  at  present  an  estimated  traflSc  of  overiOOOOOOO 
tons.  There  can  be  little  doubt  that  the  more  eastern  canal,  having 
the  whole  lake  region  at  one  end  and  the  coasts  of  the  Atlantic  at  the 
other,  would  soon  reach  and  exceed  this  amount. 


216  MATER  OJT  CANALS  FROM  THE  LAKES  TO  NEW  YORK. 

A  comparison  of  the  traffic  of  8  500  000  tons  of  the  Suez  Canal,  con- 
necting a  population  of  700  000  000  in  the  East  T\dth  one  of  400  000  000 
in  the  West,  with  the  traflSc  of  the  interlake  waterways,  which  mainly 
serves  the  trade  of  a  population  of  only  40  000  000,  gives  a  striking 
illustration  of  the  small  amount  of  trade  between  distant  old  world 
nations  in  comparison  with  a  fraction  of  the  internal  trade  of  a  jiart  of 
the  United  States. 

The  internal  trade  of  the  United  States  is  more  than  ten  times  its 
foreign  trade.  The  internal  transportation  costs  about  twenty  times 
as  mtich  as  that  for  the  foreign  trade.  This  exj^lains  why  these  internal 
waterways  secure  such  an  enormous  traffic  in  comparison  with  the 
population  they  serve.  By  far  the  largest  part  of  the  traffic  through  a 
canal  between  Buffalo  and  New  York  woiild  be  traffic  between  the 
Atlantic  coast  harbors  of  the  United  States  and.  the  interior  of  the 
country. 

There  can  therefore  be  no  doubt  that  the  saving  in  cost  of  trans- 
portation would  benefit  the  United  States  iDrincipally.  The  only 
benefit  Europe  would  derive  from  it  would  follow  aftei-  the  higher 
prices  for  grain  in  the  West  had  so  stimulated  production  as  to  largely 
increase  exjjorts,  and  reduce  European  prices  in  consequence,  and 
after  the  decreased  prices  of  European  products  in  the  West  had 
increased  the  demand  for  them,  so  as  to  produce  a  rise  of  j^rices  in 
Europe. 

Since  the  canal  cannot  be  finished  before  six  years  have  elapsed, 
any  estimates  of  its  traffic  based  on  the  present  business  of  the  inter- 
lake channels  would  have  to  be  increased  at  least  50%,  since  this 
increase  may  reasonably  be  expected  in  their  traffic  during  this  time. 
It  would  therefore  be  advisable  in  construction  to  make  provision  for 
duplicating  the  locks  in  the  near  future. 

The  capacity  per  season  of  the  canal  i^roposed  by  the  United  States 
Canal  Commission  is  36  000  000  tons;  its  estimated  cost,  inclusive  of 
deepening  of  interlake  channels  to  21  ft.,  is  $200  000  000. 

Allowing  one-eighth  of  the  cost  for  interest  during  construction, 
and  taking  interest  at  3%,  the  yearly  cost  would  be  $6  750  000,  plus 
the  cost  of  maintenance,  which  latter  is  estimated  at  $2  350  000  joer 
year. 

A  very  moderate  toll,  in  comjiarison  with  the  saving  in  cost  of 
transportation,  would  cover  all  expenses  incurred  by  the  nation.     The 
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saving  to  the  public  iu  freight  charges  would  proltahlv  average  81.50 
a  ton  in  cousequeuce  of  the  advantages  which  uninterrupted  and  quick 
transportation  would  ofler  to  high-chiss  freight. 

The  whole  district,  not  alone  along  the  canal,  biat  the  whole  lake 
and  Athiutic  coast  of  the  United  States,  would  thereby  become 
iiuequaled  in  its  accessibility  to  raw  materials  and  markets.  The 
lake  basin,  having  the  cheajjest  steel  of  any  shore,  would  then  become 
the  principal  shipbuilding  center  of  the  world. 

The  rapid  increase  of  business  on  the  Lakes,  as  well  as  through, 
this  canal,  would  undoubtedly  create  a  demand  for  greater  depth  in 
the  lake  harbors  and  larger  cross-section  in  the  interlake  channels  and 
in  the  canal,  and  this  prospect  should  be  kept  well  in  view  during  the 
planning  and  construction  of  the  same. 

It  might  even  be  advisable,  considering  the  improvements  in  lake 
channels  and  harbors  which  may  be  expected  duiT.ng  the  next  twenty 
years,  to  build  the  canal  24  ft.  deep,  instead  of  selecting  dimensions 
which  will  be  just  sufficient  for  accommodating  the  vessels  which  will 
exist  in  the  Lakes  at  the  time  of  its  completion.  This  would  give, 
from  the  beginning,  the  advantage  of  ijermitting  greater  s^jeed  than 
would  be  possible  on  the  smaller  canal.  The  larger  locks  to  accom- 
modate the  vessels  on  this  larger  canal  would  also  give  a  larger 
carrying  capacity,  which  will  almost  certainly  be  needed  before 
twenty  years  of  its  operation  have  expired. 

To  sum  up:  The  ship  canal  between  the  Lakes  and  New  York 
proposed  by  the  United  States  Commission  is  a  transit  canal  connect- 
ing without  transfer  two  large  systems  of  important  harbors;  it  is 
therefore  in  the  class  of  canals  which  have  been  most  successful  in 
the  iJast. 

It  connects  the  two  most  productive  regions  in  the  world,  and  will 
therefore  soon  have  a  traffic  equal  to  the  proj^osed  capacity  of 
36  000  01)0  tons  a  year. 

The  yearly  cost  of  the  canal  will  be  S9  100  000,  which  is  about  25 
ceats  per  ton  of  freight  which  will  soon  pass  through  it. 

The  saving  m  cost  of  transportation  will  average  about  $1.50  per 
ton  in  comparison  with  the  cost  of  eqtially  good  service  at  ju'esent 
available.  Most  of  this  saving  will  accrue  to  the  United  States,  which 
should  therefore  undertake  its  construction. 

A  toll  adequate  to  cover  all  the  cost  will  not  materially  interfere 
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witli  its  usefulness,  and  will  serve  to  distribute  justly  the  burden  of 
the  expense  on  those  who  gain  by  its  construction. 

There  is  at  present  under  way  a  survey  for  a  barge  canal  of  12  ft. 
dej^th,  the  cost  of  which  has  been  estimated  at  about  $59  000  000 
by  the  New  York  Canal  Commission.  It  is  proi^osed  that  the  State 
of  New  York  shall  build  it  for  the  purpose  of  securing  its  commercial 
supremacy.  The  roiite  is  that  of  the  present  Erie  Canal,  with  some 
deviations;  the  estimated  capacity  is  20  000  000  tons  per  season.  It  is 
hoped  that  the  transfer  charges  at  Buffalo  and  New  York  will  be 
largely  reduced  in  consequence  of  the  building  of  such  a  canal.  It 
is  estimated  that  the  saving  in  cost  of  transportation  through  the 
whole  length  of  this  canal,  in  comi^arison  with  the  cost  through  the 
present  Erie  Canal,  will  be  61  cents  i^er  ton,  which  would,  in  the 
oi)inion  of  the  Commission,  amply  compensate  the  State  for  its 
expenditures  for  construction  and  maintenance.  It  is  not  i^roposed  to 
levy  any  tolls. 

The  difference  in  the  cost  of  transjiortation  on  the  present  and 
improved  canal  is  calculated  by  estimating  the  cost,  running  expenses 
and  carrying  capacity  per  season,  of  a  new  style  of  barge,  with  which 
there  is  no  practical  experience,  and  comparing  this  with  the  actual 
cost  of  transportation  through  the  present  Erie  Canal. 

This  method  is  evidently  subject  to  a  great  many  errors,  even  if 
used  by  investigators  who  are  not  in  any  way  jirejudiced  in  favor 
of  a  particular  result. 

An  illustration  of  the  amount  of  difference  between  facts  and  esti- 
mates of  this  kind  is  furnished  by  the  estimate  made  by  Major  Symons, 
M.  Am.  Soc.  C.  E.,  of  the  New  York  Canal  Commission,  on  page  81  of  a. 
report  to  the  Chief  of  Engineers  of  the  United  States  Army  in  1897,  on  a 
canal  between  Buffalo  and  New  York.  He  there  gives  ten  as  the  jjracti- 
cal  number  of  round  trips  per  season  between  Buffalo  and  New  York  for 
a  vessel  of  20  ft.  draft,  in  a  canal  24  ft.  deej?,  on  the  Oswego  route.  The 
United  States  Canal  Commission  gives  sixteen  as  the  practicable 
number  of  round  trips  per  season  between  Chicago  and  New  York,  for 
a  vessel  of  19  ft.  draft  in  a  canal  21  ft.  deep,  on  the  Oswego  route. 
This  latter  estimate  is  based  on  careful  observation  of  the  actual  speed 
of  similar  vessels  in  a  canal  of  the  same  dimensions  as  the  one  pro- 
IDOsed  between  Buffalo  and  the  Hudson,  on  the  observed  speed  in  the 
open  Lakes,  and  on  the  actual  i^erformances  Of  lake  vessels.     This  gives 
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15  days  7.j  hours  for  oue  roixud  trip,  of  which  6  days  are  rcciuired  for 
the  forward  and  return  jjassage  between  Bufi'alo  and  Chicago.  This 
leaves  9  days  7i  hours  as  the  time  required,  according  to  their 
estimate,  for  one  round  trip  between  Buffalo  and  New  York,  and  would 
Ijermit  twenty-six  round  trips  per  season  between  these  jioints,  with 
3  days  to  spare  in  the  average  open  season. 

The  practicable  number  of  round  ti'ips  is  the  most  essential  element 
in  all  the  estimates  of  cost  of  ti'ansportation  in  various  kinds  of  canals 
between  Buffalo  and  New  York,  made  by  Major  Symons. 

This  throws  considerable  doubt  on  the  accuracy  of  his  calculations 
of  the  saving  in  cost  of  transportation  to  be  expected  from  an 
improved  barge  canal. 

But  let  us  assume,  for  the  sake  of  argument,  that  the  estimate  of 
the  New  York  State  Canal  Commission,  of  the  difference  in  cost  of 
transportation  in  the  present  and  the  improved  Erie  Canal,  is  correct, 
and  let  us  investigate  whether  the  conclusion  drawn  therefrom,  that  it 
is  advisable  for  the  State  of  New  York  to  execute  the  imi^rovement,  is 
justified  by  the  premise. 

If  the  public  provides,  at  its  owti  cost,  a  new  means  of  transporta- 
tion, or  an  improvement  in  an  old  one,  cheapening  cost  of  transport 
by  a  certain  amount,  various  freight  will  be  transported  that  would 
not  have  been  transported  at  all  in  the  absence  of  the  improvement, 
and  other  freight  is  deflected  from  other  means  of  transi^ort,  though 
the  advantage  thereby  secured  may  be  very  trifling,  but  just  sufficient 
to  turn  the  balance  in  its  favor.  It  is  therefore  a  serious  error  to 
estimate  the  advantage  to  the  public  achieved  by  an  improvement  in 
the  Erie  Canal,  by  multiplying  the  difference  in  cost  of  transporta- 
tion per  ton  in  the  old  and  new  canal  wdth  the  number  of  tons  passing 
through  the  new  canal,  and  subtracting  therefrom  the  expenses 
incurred  by  the  public  for  construction  and  maintenance.  This 
method  is  only  correct  for  freight  which  Avould  pass  through  the  Erie 
Canal  in  its  present  condition.  This  tonnage  of  the  present  Erie 
Canal  is  constantly  decreasing,  in  consequence  of  the  continually 
falling  railroad  rates. 

The  average  saving  on  freight,  either  newly  created  or  diverted 
from  other  transportation  lines,  will  be  liberally  estimated  if  assumed 
to  be  0.6  of  the  amount  of  61  cents,  or  36.6  cents  per  ton. 

If  the  taxpayers  of  the  State  of  New  York  are  expected  to  i^rovide 
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an  improvement,  it  is  reasonable  for  them  to  ask  whether  their  benefit 
from  it  is  likely  to  compensate  them  for  the  expense.  An  improved 
Erie  Canal,  lowering  the  cost  of  transport  and  the  transfer  charges, 
would  undoubtedly  largely  increase  the  amount  of  freight  passing 
through  it,  originating  at,  and  destined  for,  i^oiuts  outside  New  York, 
but  the  saving  on  this  part  of  its  freight  traffic  would  only  slightly 
benefit  New  Yorkers. 

Of  the  freight,  either  exported  from  New  York  State  or  imported 
into  the  State  through  the  canal,  half  the  saving  in  cost  of  transport 
might  be  exijected  to  represent  the  benefit  to  New  Yorkers.  The  fol- 
lowing method  will,  therefore,  give  the  balance  of  advantage  and 
expense  of  an  improved  barge  canal  from  the  standi^oint  of  New 
Yorkers. 

Take  the  whole  saving  on  the  present  amo^^nt  of  local  freight  of 
canal  originating  at,  and  destined  for,  points  in  New  York  State. 
The  average  distance  traversed  by  this  freight  on  canal  is  not  known, 
but  vnll  not  be  underestimated  if  taken  to  be  three-fourths  of  its 
length.  The  saving  on  this  freight  would  therefore  be  three-fourths 
of  61  cents,  or,  say,  46  cents  per  ton. 

Take  half  the  saving  of  cost  of  transportation  on  the  present  canal 
business  originating  in,  or  destined  for,  points  in  New  Y"ork  State. 
If  we  estimate  the  distance  traversed  by  this  freight  on  canal  as  three- 
fourths  of  its  total  length,  the  saving  to  New  Yorkers  on  this  freight 
would  be  23  cents  per  ton.  For  new  bitsiness  created  by  the  improve- 
ment take  0.6  of  the  amounts  above  given. 

Neglect  the  throiigh  business  originating  at,  and  destined  for, 
points  outside  the  State.  Then  compare  the  sum  of  advantages  so 
obtained  in  one  year  with  the  yearly  expenses  incurred  for  mainten- 
ance and  interest  on  cost  of  improvement.  If  there  is  a  large  surplus 
on  the  right  side  the  State  may  be  justified  to  commit  the  unavoidable 
amount  of  injustice  which  lies  in  collecting  taxes  in  i^roportion  to 
assessed  value  of  property  while  the  benefits  are  very  unequally  dis- 
tributed among  the  whole  population. 

Should  the  total  freight  carried  by  the  canal  be  equal  to  its 
capacity  of  20  000  000  tons,  the  freight  with  origin  and  destination 
outside  New  York  would  be  at  least  10  000  000  tons;  the  remainder, 
not  more  than  10  000  000  tons,  would  partly  have  both  origin  and  des- 
tination in  New  York,  and  jiartly  only  one  of  them.      We  can  only 
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gnoss  at  tlu'  relative  amouut  of  these  two  parts;  we  sliall  therefore 
take  them  to  be  e,[iiah 

Of  these  h\tter  two  parts  about  one-eighth  wouhl  have  to  be  taken 
as  the  successor  of  the  corresponding  freight  on  the  present  Erie  Canal. 

The  saving  for  New  Yorkers  would,  therefore,  be  as  follows: 

On  625  000  tons  of  freight  corresijonding  to  the 
freight  on  the  present  Erie  Canal,  with  origin 
and  destination  in  New  York,  46  cents  per  ton, 
equal  to. . §237  500 

On  625  000  tons  of  freight  corresijonding  to  freight 
on  present  Erie  Canal,  with  either  origin  or  des- 
tination outside  New  York,  23  cents  jyev  ton, 
equal  to 118  750 

On  4  375  000  tons  of  new  freight,  with  origin  and  des- 
tination in  New  York,  0.6  of  46  cents,  or  27.6 
cents  per  ton,  equal  to 1  207  500 

On  4  375  000  tons  of  new  freight,  having  either 
origin  or  destination  in  New  York,  0.6  of  23 
cents,  or  13.8  cents  per  ton,  equal  to 603  750 

The  total  saving  to  New  Yorkers,  due  to  the  cheaii- 
ening  of  transportation  on  the  improved  Erie 
Canal,  if  the  tonnage  on  the  same  were  equal  to 
its  capacity,  would  therefore  be $2  167  500 

We  have  estimated  that  10  000  000  tons  would  be  through  freight, 
saving  two  transfers,  or  benefiting  by  reduction  in  cost  of  two  trans- 
fers, probably  partly  the  one  and  partly  the  other;  and  5  000  000  tons 
would  be  freight  benefiting  by  reduction  in  cost,  or  avoidance  of  one 
transfer.  Half  of  the  benefit  from  reduction  in  transfer  cost  on  these 
5  000  000  tons  would  accrue  to  New  Y'orkers.  « 

The  present  cost  of  these  transfers  is  70  cents  jjer  net  ton  for  two 
transfers;  if  one-half  of  this  cost  were  saved  the  New  Yorkers  would 
benefit  to  the  extent  of  S437  500. 

If  we  add  this  amount  to  the  saving  in  the  cost  of  transjaort,  we 
obtain  ^2  6  )5  000  as  the  j^ossible  saving  which  might  be  obtained  for 
New  Yorkers  through  the  improved  canal,  should  its  business  be  equal 
to  its  capacity. 

Against  this  stand  the  interest  charges  on  the  money  sjjent  on  the 
improvement  and  the  cost  of  maintenance,  which  latter  may  be  esti- 
mated at  $1  5U0  000  per  year.     The  estimate  of  cost  of  the  improve- 
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ment  is  859  003  000.  This  does  not  include  interest  during  construc- 
tion anl  the  first  years  of  use,  when  business  woukl  be  much  smaller. 
If  we  add  12%  to  the  estimate  of  cost  on  this  account,  we  obtain 
S65  600  000  as  the  actual  cost  to  the  taxi^ayer  ;  Z%  interest  on  this  is 
^1  968  000. 

The  yearly  cost  would  therefore  be  about  S3  468  000,  against  a 
benefit  to  New  Yorkers  of  $2  605  000. 

Should  the  business  of  the  canal  be  only  10  000  000  tons,  which 
seems  to  be  the  estimate  of  the  New  York  State  Canal  Commission,  the 
total  benefit  to  New  Yorkers  would  be  about  •?]  500  000,  at  a  cost  more 
than  twice  the  amount. 

The  above  does  not  pretend  to  be  an  accurate  estimate,  as  that  is 
impossible;  it  is  only  intended  to  prove  that  even  if  the  difference  in 
cost  of  transportation  on  the  jaresent  and  improved  Erie  Canal  were  61 
cents  i^er  ton,  if  the  imjiroved  canal  would  secure  all  the  freight  it 
could  carry,  and  if  it  would  be  the  means  of  reducing  transfer  charges 
one-half,  none  of  which  favorable  assumjitions  is  either  proved,  or 
even  jarobable,  the  State  of  New  York  would  not  be  justified  in  under- 
taking the  improvement  at  its  own  cost. 

This  whole  question  must  be  looked  at,  not  from  the  narrow  jjoint 
of  view  of  the  State  of  New  York  and  its  particular  interest,  but  from 
that  of  the  interest  of  the  United  States.  Modern  trade  is  regardless 
of  State  boundaries,  and  it  is  impossible  to  benefit  the  State  without 
benefiting  the  Union,  or  to  benefit  the  Union  in  this  matter,  without 
benefiting  New  York  State. 

By  the  fact  that  every  point  along  the  canal  is  practically  a  harbor, 
or  can  easily  be  made  one,  the  State  must  always  profit,  as  a  center  of 
manufactures,  by  any  imjirovement  in  its  waterway,  more  than  either 
the  shores  of  the  Lakes  or  the  Atlantic,  since  only  comparatively  few 
points  along  these  shores,  namely,  those  with  harbors,  are  put  in  direct 
communication  by  this  waterway. 

The  main  service  of  this  waterway  does  not  consist  in  cheapening 
transportation  along  its  course,  though  this  also  Avill  be  accomjihshed 
more  efficiently  by  a  shiiD  canal  than  by  any  other,  but  in  removing  the 
necessity  of  transfers  at  both  ends. 

The  present  transfer  charges  are  only  the  smaller  part  of  the  total 
cost  incurred  on  account  of  these  transfers.  Transfer  or  transit  means 
all  the  difference  between  slow  and  inefficient  serAdce,  excluding  all 
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.except  the  lowest  class  freight,  aud  iu  great  dauger  of  losiug  eveu  this 
ou  acfoiiut  of  the  rapidly  falling  rail  freight  rates,  and  quick,  safe  and 
reliable  service,  by  through  transportation  lines,  at  such  low  cost  as 
to  be  beyond  the  reach  of  railway  competition,  either  iu  quality  of 
service  or  price  for  the  same,  between  all  the  points  which  can  be 
directly  reached. 

A  ship  canal  between  Biiflfalo  and  New  York  means  the  creation  of 
one  gi'eat  system  of  water  transportation  out  of  two  of  half  the  size; 
it  means  that  each  harbor  of  each  of  the  two  systems  will  have  on  an 
average  twice  as  many  points  to  which  it  can  ship  directly  by  water  as 
it  had  before.  Its  oijening  will  be  the  signal  for  a  renewed  period  of 
rapid  increase  in  the  shipping  of  the  Atlantic  coast  as  well  as  the  lakes. 
A  toll  of  20  cents  a  ton  for  each  transfer  saved  by  the  freight  pass- 
ing through  this  canal  would  not  amount  to  more  than  one-quarter  of 
the  benefit  derived  from  this  saving,  if  the  improvement  in  quality  of 
service  made  possible  thereby  is  proj^erly  valued.  It  would  cover 
all  expenses  incurred  by  the  nation. 

Since  the  main  reason  for  the  large  cross-section  of  canal,  and  the 
great  expense  caused  thereby,  is  the  saving  of  transfers,  it  would  be 
just  to  charge  tolls  in  projjortion  to  the  number  of  transfers  saved. 

The  proper  cotirse  for  New  York  State  is,  therefore,  to  abandon  its 
policy  of  desiring  a  canal  all  by  itself,  and  to  join  in  hearty  co-opera- 
tion with  the  other  interests  desiring  a  ship  canal. 

If  it  refuses  to  do  so,  there  is  serious  risk  that  the  various  interests 
which  are  principally  concerned  in  having  the  cheapest  possible  com- 
munication between  the  West  and  Europe,  will  join  forces  to  build  a 
ship  canal  from  the  Lakes  to  Montreal,  which  could  be  built  at  a  cost 
quite  commensurate  with  the  services  rendered  thereby;  though  these 
w-ould  not  compare  with  those  rendered  by  a  canal  through  New  Y'ork, 
which  would  also  serve  the  much  larger  and  more  imiJortant  trade 
between  the  West  and  the  East  of  the  United  States. 
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WITH  DISCUSSION.* 

The  economic  deptli  for  canals  of  large  traffic  was  discussed  in  the 
Transactions  for  June,  1898,f  but  as  the  data  did  not  exist  at  that  time 
on  which  to  base  comparative  estimates  of  cost  of  canals  of  different 
dimensions  for  the  routes  under  consideration,  it  was  impossible  to 
fix  the  limiting  depth  where  the  fixed  charges  for  maintenance  and 
interest  on  the  cost  of  construction  would  make  the  actual  transporta- 
tion rate  greater  than  for  lesser  depths  of  channel. 

Plans  and  estimates  have  been  made  since  then  for  regulating  works 
to  control  the  level  of  Lake  Erie,  and  for  constructing  waterways  21 
ft.  and  30  ft.  deei?  through  the  connecting  channels  of  the  Great 
Lakes,  and  from  the  Lakes  to  the  Atlantic. 

A  preliminary  estimate  of  a  barge  canal  12  ft.  deep  from  Buffalo  to 

New  York  has  been  made,  and  while  the  best  location  and  exact  cost 

*This  paper  was  discussed  with  that  of  Mr.  Mayer  (page  207).  The  joint  discussion 
will  be  found  on  pages  240  et  seq. 

t  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  page  273. 
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cannot  he  statod  until  the  surveys  now  being  made  under  the  direetiou 
of  the  State  Engineer  are  completed,  it  is  safe  to  say  that  the  estimate 
made  by  the  New  York  State  Committee  on  Canals  will  not  be  changed 
sufficiently  to  materially  affect  the  i)resent  discussion. 

In  previous  disciissions  of  the  2>i"oi)osed  waterway  from  the  Lakes  to 
the  seaboard  the  depth  of  channel  has  been  made  the  important  factor 
and  but  little  consideration  given  to  the  economy  in  transportation 
rates  due  to  the  different  speeds  whicli  may  be  maintained  by  steamers 
in  waterways  of  different  dimensions. 

For  instance,  in  Major  Symons'  able  report  on  a  Ship  Canal  from 
the  Great  Lakes  to  the  sea  it  is  estimated  that  lake  freighters  of  16  ft. 
and  20  ft.  draft  would  make  only  four  miles  per  hour  in  a  waterway  24 
ft.  deep,  and  that  the  time  required  at  terminal  ports  would  be  from 
11  to  12  days,  or  about  the  same  as  the  sailing  time  of  round  ti-ip; 
•while  in  a  barge  canal  12  ft.  deep,  with  a  cross-section  of  1  200  sq.  ft., 
steam  canal  boats  ^^-ith  three  to  five  consorts  in  tow  would  be  able  to 
make  practically  the  same  number  of  round  trijjs  jaer  season. 

To  anyone  familiar  with  the  speeds  maintained  by  steamshijis  in 
the  artificial  channels  of  our  lake  waterways,  and  with  the  rapidity 
with  which  cargoes  are  loaded  and  discharged  at  terminal  ports,  it 
seems  like  begging  the  question  to  draw  conclusions  from  transporta- 
tion rates  based  on  such  assumptions. 

The  St.  Clair  Flats  Canal  is  7  200  ft.  long,  20  ft.  deep  at  mean  stage 
of  Lake  St.  Clair,  and  has  a  cross-section  of  about  5  700  sq.  ft.,  or  200 
sq.  ft.  greater  than  the  cross-section  of  the  proposed  21-ft.  waterway 
from  the  Lakes  to  the  Atlantic  for  which  plans  and  estimates  have 
recently  been  made. 

It  has  been  found  from  actual  observations  that  the  large  freighters 
on  the  Lakes  can  safely  navigate  the  canal  at  speeds  of  from  7  to  11 
miles  per  hour  without  slackening  speed  when  passing  other  steamers 
in  the  waterway. 

There  is  an  average  current  of  about  1.7  miles  per  hour  in  the  canal, 
which  makes  navigation  much  more  dangerous  than  it  would  be  in  a 
canal  with  no  current  except  that  required  for  the  necessary  water 
supply,  yet  no  serious  accident  has  ever  occurred  in  the  waterway. 

Lake  freighters,  capable  of  steaming  12.5  statute  miles  per  hour  in 
the  open  lake,  make  from  23  to  24  round  trips  per  season  between  Duluth 
and  Buffalo,  or  an  average  of  one  round  trip  every  ten  days,  three  days 
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of  -whicli  are  due  to  time  consumed  in  loading,  unloading,  coaling  and 
making  rejiairs  at  terminal  ports. 

If  tlie  detentions  at  tlie  terminals  of  a  ship  canal  between  the  lakes 
and  Xe-w  York  slaould  amount  to  ten  or  twelve  days  per  round  trip,  it 
is  safe  to  say  that  but  little  freight  would  be  discharged  at  New  York 
except  that  consigned  directly  to  the  city,  a  condition  which  would 
■unquestionably  develop  methods  of  handling  cargoes  such  that  the 
detentions  need  be  but  little  greater  than  at  lake  ports. 

The  Suez  Canal  had  a  cross-section  of  3  700  sq.  ft.,  jDrevious  to  the 
enlargement  now  being  made,  through  which  the  speed  for  large 
steamers  was  restricted  to  6.2  statute  miles  per  hour. 

In  the  Amsterdam  Canal,  with  a  cross-section  of  4  000  sq.  ft.,  the 
speed  is  limited  to  5. 6  miles  per  hour. 

In  the  Kiel  Canal,  having  a  cross-section  of  4  100  sq.  ft.,  a  si3eed  of 
6.2  miles  per  hour  is  allowed,  but  the  larger  ships  only  average  about 
5  miles  per  hour. 

Speeds  of  6  miles  jier  hour  are  allowed  for  large  shijjs  in  the  Man- 
chester Canal,  where  the  cross-section  is  4  400  sq.  ft.,  but,  owing  to  the 
shar^j  curves  in  the  canal,  tugs  are  used  for  towing  the  larger 
steamers. 

The  limit  of  speed  for  these  canals  has  been  fixed  with  reference  to 
preventing  injury  to  the  banks,  but  is  not  very  different  from  the 
economical  speeds  which  could  be  maintained  by  large  steamers  in 
waterways  of  such  dimensions. 

The  retardation  of  the  speed  of  a  ship  in  a  restricted  waterway  is 
due  to  the  resistance  of  the  sides  and  bottom  of  the  channel  to  the 
movement  of  the  water  disj^laced  by  the  steamer,  to  the  velocity  of 
the  back  flow  of  the  displaced  water,  and  to  the  back  pressure  of  the 
water  piled  up  in  the  channel  in  front  of  the  moving  shijj. 

It  has  been  found  from  actual  observations  of  the  speeds  of 
steamers  on  the  Great  Lakes  that  a  ship  capable  of  averaging  12.5 
miles  jDer  hour  in  the  deep  water  of  the  ojien  lakes  is  retarded  about 
10%,  or  2  miles  per  hour,  when  steaming  with  the  same  boiler  pressure 
and  only  2  ft.  of  water  under  the  keel. 

When  the  lake  channels  are  improved  so  as  to  allow  the  passage  of 
ships  of  19  to  20  ft.  draft,  the  cross-section  of  the  St.  Clair  Flats 
Canal  will  be  about  six  times  that  of  a  loaded  freighter,  and  the  mean 
back  flow  due  to  the  movement  of  the  ship  will  be  about  one-fifth  of 
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the  speeil  of  the  steamer.  It  is  apparent,  therefore,  that  where  the 
cross-section  of  the  waterway  is  less  than  six  times  that  of  the  passing 
ship  the  speed  will  be  retarded  at  least  one-third  of  that  which  could 
be  maintained  in  open  water. 

The  dimensions  which  should  be  given  to  a  waterway  between  the 
Lakes  and  the  Atlantic  depend  upon  the  economic  depth  which  can  be 
obtained  and  maintained  in  the  water  routes  to  be  connected. 

The  dejith  of  channels  at  the  entrances  of  lake  harbors  before 
improvement  was  only  about  3  to  10  ft.,  and  across  the  shallows  of 
the  connecting  waterways  about  9  to  13  ft. 

The  project  of  improvement  now  being  carried  out  contemplates 
channel  depths  of  about  21  ft .  for  mean  lake  stage,  but  as  yet  only 
about  18  ft.  has  been  secured.  The  question  to  be  settled  is,  what  is 
the  dej^th  which  can  be  economically  given  these  channels  such  that 
ships  able  to  safely  weather  the  lake  storms  may  be  passed  at  all 
times,  and  that  the  fixed  charges  for  maintenance  and  interest  on 
cost  shall  not  exceed  the  benefits  to  be  derived  from  the  reduction  in 
rates  of  transportation  and  from  developing  new  industries  and  com- 
merce? 

During  the  heavy  storms  which  are  of  frequent  occurrence  in  the 
fall  of  the  year  on  the  Lakes,  large  freighters  drawing  less  than  17  ft. 
when  loaded,  have  not  been  found  well  adajjted  for  safe  navigation, 
which  fixes  the  minimum  limit  of  depth  of  channels  at  about  20  ft. 

For  greater  depth  of  channels  than  20  ft.  the  advisability  of  im- 
provement will  depend  upon  whether  the  benefits  to  be  derived  will 
"be  equivalent  to  the  fixed  charges  arising  from  maintenance  and  cost 
of  construction. 

At  the  head  of  Lake  Erie,  through  Lake  St.  Clair,  and  at  the  foot 
of  Lake  Huron  and  Lake  Superior  there  are  extensive  flats  where  the 
water  is  only  about  21  ft.  deei^  at  average  stage,  and  if  the  connecting 
channels  should  be  made  a  greater  depth,  nearly  60  miles  of  the  route 
through  the  rivers  and  lakes  would  be  excavated  channel. 

The  cost  to  the  Government  to  deepen  the  lake  channels  for  depths 
of  over  21  ft.  will  be  about  S3  000  000  per  foot,  and  to  improve  the 
lake  harbors  and  entrances  correspondingly  will  cost  about  S4  000  OCO 
per  foot,  or  a  total  of  S7  000  000  for  each  additional  foot  of  depth  in  har- 
bors and  waterways.  Assuming  that  the  Government  pays  3%  for  the 
money  expended  on  improvements  and  one-half  of  l"o  ^oi'  maintenance. 
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the  anniial  fixed  charges  for  each  additional  foot  of  depth  would 
be  approximately  $2i5  000. 

The  actual  freight  carried  on  the  Lakes  in  1899  was  not  far  from 
40  000  030  tons,  and  if  the  annual  fixed  charges  arising  from  making 
and  maintaining  deeper  waterways  should  be  chargeable  to  the  entire 
amount  of  traffic,  the  saving  in  transportation  rates  would  have  to  ex- 
ceed six  mills  per  ton  for  each  foot  of  improvement  to  make  the  accounts 
balance. 

The  actual  saving  in  the  cost  of  transportation  on  the  Lakes  by 
using  decider  draft  vessels  is  only  about  one-half  the  above  estimated 
fixed  charges,  and  therefore  the  improvement  would  be  advisable  only 
on  the  supposition  that  the  indirect  benefits  from  developing  new  in- 
dustries and  new  commerce  will  be  of  greater  value  to  the  country  than 
the  total  decrease  in  the  cost  of  transj)ortation.  This  could  hardly 
hold  true  as  the  decrease  in  rates  would  be  permanent,  while  the  effect 
of  the  imjjrovement  in  developing  new  commerce  would  likely  be  of 
only  a  few  years'  duration. 

It  is  true  that  the  fixed  charges  arising  from  interest  on  the  cost  of 
waterway  improvements  and  from  expense  for  oi^eration  and  main- 
tenance are  jjaid  by  the  Government,  but  whether  paid  from  Govern- 
ment revenues  or  from  toll  on  traffic  the  net  result  is  the  same,  and 
shoiild  be  considered  m  the  comparison  of  transportation  rates,  espe- 
cially with  those  on  railroads  where  such  expenses  are  paid  directly 
from  the  earnings. 

If  we  take  into  consideration  the  fact  that  ships  of  more  than  500  ft. 
length  cannot  be  safely  handled  in  the  sharp  curves  of  the  connecting 
waterways  of  the  Lakes,  that  with  a  draft  of  18  to  19  ft.,  ships  not  ex- 
ceeding such  length  can  safely  navigate  the  Lakes  at  all  seasons,  and 
that  for  greater  depths  of  channels  than  21  ft.  the  interest  and  main- 
tenance account  will  exceed  any  expected  returns  from  lower  trans- 
portation rates,  there  seems  to  be  no  legitimate  reason  why  the 
ultimate  depth  for  lake  waterways  should  not  be  definitely  settled  at 
once. 

While  it  is  true  that  the  small  freighters  of  the  Lakes  must  go  out 
of  business  and  make  way  for  the  more  economical  type  carrier,  it  is 
also  true  that  a  continual  change  of  dimensions  of  waterways  renders 
the  smaller  ships  practically  obsolete  long  before  worn  out,  and  since 
the  rate  at  which  freight  can  be  carried  depends  upon  the  probable 
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useful  lifo  of   tho  ships,   coutiuual  changes  in   the  type   of  freight 
cai-riers  will  materially  increase  the  cost  of  transportation. 

If  the  freight  business  on  the  Lakes  can  be  conducted  as  economic- 
ally with  waterways  21  ft.  deep  as  with  channels  of  greater  depth,  the 
waterway  from  the  Lakes  to  the  Atlantic  should  not  exceed  such  depth 
unless  it  can  be  shown  that  the  benefits  to  be  derived  from  through 
transportation  between  the  Lakes  and  foreign  ports  iu  deep  draft  ships 
will  be  of  sufficient  importance  to  warrant  the  larger  expenditiire  re- 
quired to  construct  a  canal  of  corresponding  dimensions. 

Tables  Nos.  1  and  2  give  the  details  of  the  length  of  channels  of 
difi-erent  dimensions,  the  amount  of  lockage,  and  the  estimated  cost  of 
waterways  21  ft.  and  30  ft.  deep  from  Buffalo  to  New  York  via  the 
Oswego-Mohawk  and  St.  Lawrence-Champlain  routes,  and  are 
abstracted  from  the  report  of  Board  of  Engineers  on  Deep  Water- 
wavs. 


TABLE  No.   1.— BuFFAi.0  to  New  Y( 


Total  distance,  miles 

Fall,  regulated  stage  of  Lake  Erie  to  inean'tide,"feet.' 
Down  lockage,  feet 

Up         '^         "  '••••••'•••'""!"!!!!!!!!]■"!" 

Total   lockage,      " 

Number  of  locks 

"        ■•    guard  locks. 


Standard  canal,  miles 

Canalized  river—  

200  to  250  ft.  bottom  width,  miles 
250  to   30()  ••  ■•  .1     ■ 

800  to   350  •'  •'  ..     ■ 

350  to    400  "  "  "     ■ 

400  to    450  "  "  "     • 

450  to    500  "  "  i^     ■ 

500  to  1000  ''  '•  ..     ■ 

Open  lake  and  river 


*oswego-mohawk 
Route. 


High-level 
plan. 


Total. 


477.04 
574.5 


742.6 
170.6 


913.2 


102.56 


2a.  38 
12.37 

2.59 
13.90 

8.99 

39.15 

277.10 


.Miles       477.04 


Low-level 
plan. 


476.94 
574.5 


705.6 
133.6 


839.2 


102.42 


20.. 38 
12.37 

2.. 59 
13.90 

8.99 

37.65 

278.64 


Champlaix 
Route. 


476.94 


685.21 
574.5 

547.3 
0.0 

547.2 

19 
2 

102.35 

1.51 

"38;97' 


8.08 

11.59 

73.65 

449.06 


685.21 


obta* ?ed Irom^.^e'se'i-'foirsTn'  ^iTmlvl^^^'T^^''''^^''  ^.?",^«  '^^  ^^^'^^  «»^PPly  i«  to  be 
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TABLE  Xo.  2 — Estuiated  Cost  of  Waterways. 

30-Ft.  Channel.        21-Ft.  Channel 

Lake  Superior  to  Lake  Erie S33  539  869  S6  961  818 

Lake  Michigan  to  Lake  Erie 16  226  548  1  466  439 

Lake  Erie  to  Lake  Ontario 73  435  350  42  393  203 

Lake  Ontario  to  New  York — 

Oswego-Mohawk  Route  (High- 

Level  Plan) 206  253  553  155  324  968 

Oswego-Mohawk  Route    (Low- 
Level  Plan) 210  309  129  157  003  082 

St.  Lawrence-Champlain  Route.  213  123  864  141  027  415 

Duluth  to  New  York — 

Oswego-Mohawk  Route    (High- 

Level  Plan) 313  228  772  204  679  989 

Oswego-Mohawk    Route   (Low- 
Level  Plan) 317  284  348  206  358  103 

St.  Lawrence-Champlain  Route.  320  099  083  190  382  436 

Chicago  to  New  York — 

Oswego-Mohawk    (High    Level- 
Plan)  295  915  451  199  184  610 

Oswego-Mohawk     (Low    Level- 
Plan)  299  971  027  200  862  724 

St.  Lawrence-Champlain  Route.  302  785  762  184  887  057 

The  Committee  on  Canals  of  New  York  State,  in  its  report  to  the 
Governor  of  New  York,  estimate  that  a  barge  canal  from  Buffalo  to  the  • 
Hudson  River,  351  miles  long,  12  ft.  deep,  with  a  cross-section  of  1 200 
sq.  ft.  wiU  cost  358  894  668. 

The  Canadian  government  has  expended  about  $65  000  000  upon 
the  construction  and  maintenance  of  the  St.  Marys,  Niagara  and  St. 
Lawrence  canals,  or  about  $13  per  caj^ita  for  the  entire  population  of 
the  countiy.  This  amount,  however,  does  not  represent  the  cost  to 
constriict  the  canal  system  as  now  completed,  as  nearly  the  entire 
system  on  the  Niagara  and  St.  Lawrence  Rivers  has  been  enlarged  from 
two  to  three  times.  The  canals  are  14  ft.  deeji,  with  locks  270  ft.  long 
and  45  ft.  wide,  and  were  intended  to  develop  through  transportation 
between  the  Lakes  and  Montreal. 

The  expectations  relative  to  the  volume  of  traffic  that  would  be 
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ilevelopod  have  uot  been  realized,  aud  it  is  extremely  imijrobable  that 
the  small  type  of  steamer  which  can  pass  the  locks  will  be  able  to  com- 
pete with  the  large  lake  freight  carriers,  even  when  handicapped  with 
excessive  transfer  charges  at  Bnftalo. 

It  will  be  noted  that  the  length  of  standard  canal  is  practically  the 
same  by  the  Mohawk  or  Champlain  routes,  and  that  the  208  miles 
greater  distance  by  the  latter  route  is  mostly  through  the  wide  channel 
of  the  Lakes  and  rivers. 

The  Champlain  route  is  a  down-grade  waterway  from  the  Lakes  to 
the  seaboard,  and  has  366  ft.  less  lockage  than  the  Mohawk  high-level 
route,  and  for  a  21-ft.  channel  will  cost  814  300  000  less  than  the  latter. 

It  is  fair  to  assume  that  in  a  21-ft.  waterway  with  an  area  of  cross- 
section  practically  the  same  as  the  St.  Clair  Flats  Canal,  the  speed  of 
ships  in  straight  reaches  will  be  fully  as  great  as  that  of  the  larger  lake 
freighters  in  the  St.  Clair  Canal.  Making  the  necessary  reductions  for 
slower  speed  on  curves  and  in  passing  shij^s  en  route,  and  for  detentions 
at  locks,  it  is  found  that  a  fi'eighter  capable  of  steaming  12.5  miles  per 
hour  in  the  open  lake  should  make  the  round  trip  between  Chicago  and 
New  York  in  11  days  and  8  hours  via  the  Mohawk  Route,  and  in  12 
days  and  9  hours  via  the  Champlain  route. 

The  navigation  season  on  the  Mohawk  route  will  average  about  215 
days  and  for  the  Champlain  route  230  days,  and  if  the  detention  at 
New  York  is  not  more  than  twice  the  time  required  at  Buffalo,  a  lake 
steamer  should  make  16  round  trijjs  per  season  between  Chicago 
and  New  York  via  the  Mohawk  route  and  foiu'teen  by  the  Champlain 
route.  The  average  sailing  time  between  Chicago  and  Buffalo  for 
steamers  capable  of  running  12.5  miles  per  hour  in  the  open  lake  is 
about  72  hours,  and  the  estimated  time  for  the  same  type  of  steamers 
between  Buffalo  and  New  Y'ork  based  on  the  actual  performance  of 
freighters  in  similar  restricted  channels  of  the  lake  waterways  is  64 
hours.- 

This  estimate  is  based  on  a  21-ft.  waterway  having  a  cross-section 
of  5  500  sq.  ft.  area  or  about  six  times  the  midship  section  of  ship, 
which  ratio  will  allow  safe  speeds  of  8  to  10  miles  per  hour  with  the 
same  consumption  of  fuel  required  in  open  water. 

In  the  previous  discussion*  the  Ship  Canal  is  assumed  to  be  24  ft. 
deep,  with  a  section  of  4  200  sq.  ft.,  and  that  ships  having  midship 
*  Transactions,  Am.  Soc.  C.  E.,  VoL  xxxix. 
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sections  of  1  000  sq.  ft.  would  average  about  4  miles  per  houx',  not 
including  detentions  at  locks  and  terminals. 

In  the  case  of  the  barge  canal  the  proposed  cross-section  is  1  200 
sq.  ft.  or  four  times  that  of  the  barge,  a  ratio  which  will  not  admit  of 
average  speeds  of  over  4  miles  per  hour  with  ordinary  barge  fleets. 

From  theseelements  it  was  estimated  that  steamers  in  the  ship  canal, 
and  barge  fleets  in  the  barge  canal,  will  only  average  ten  round  trips 
per  season  between  Buffalo  and  New  York,  whereas  with  suitable 
dimensions  for  the  waterway  and  proper  dispatch  in  loading  and  dis- 
charging ships  at  terminals  at  least  14  to  16  round  trips  may  be  made 
between  Chicago  and  New  York,  or  about  three  times  the  annual 
volume  of  business  estimated  in  the  1898  discussion  for  steamers  on 
the  ship  canal  from  Buffalo  to  New  Y^ork. 

The  exi^ense  account  of  lake  and  ocean  freighters  is  so  much 
greater  than  that  for  canal  barges  that  an  accurate  estimate  of  jiracti- 
cal  sjjeed  in  canals  and  of  detentions  at  terminals  is  essential  in  mak- 
ing any  comparison  of  rates  at  which  freight  can  be  carried  on  the  two 
types  of  waterways. 

In  the  report  of  the  Committee  on  Canals  of  New  York  State,  it  is 
estimated  that  a  ton  of  freight  can  be  transported  from  Buffalo  to  New 
York  on  barges  for  26  cents,  but  in  obtaining  such  a  result  the  Com- 
mittee omits  from  the  expense  account  the  items  for  interest  on  cost 
of  construction,  annual  exjaenses  for  rejjairs  and  maintenance,  and 
profit  for  the  shipowner. 

The  interest  and  insurance  expenses  are  based  on  a  valuation  of 
S28  500  for  a  fleet  of  one  steamer  and  three  barges,  yet  in  a  foot-note 
on  page  19  of  the  rejiort  it  is  shown  that  if  constructed  of  steel  the 
fleet  would  cost  870  000. 

With  the  increase  in  the  cost  of  lumber  which  is  sure  to  occur  in 
the  near  future,  the  cost  of  barges  constructed  of  wood  will  ajDprox- 
imate  that  of  steel;  but  even  if  this  should  not  be  the  case,  it  is  pro- 
bable that  the  greater  cost  of  towing  wooden  barges  would  make  the 
steel  barge  more  economical  for  transportation  at  the  values  given. 

At  the  Brussels  International  Congress  oa  Navigation  in  1898,  Captain 
C.  Y.  Suppan,  Chief  of  the  Steam  Navigation  Service  on  the  Danube, 
gave  the  result  of  some  experiments  in  towing  steel  and  wooden  barges 
of  similar  models  on  the  Danube,  from  which  it  apjjears  that  the 
power  required  for  the  wooden  barges  was  nearly  twice  that  required 
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for  the  stool  baigos.  aud  tliiit  the  cost  for  towing  per  tou-mile  for  the 
Mooden  barge  was  about  double  that  for  the  steel. 

If  these  results  are  correct,  the  wooden  barge  will  not  be  economical, 
oven  at  a  lower  value  than  that  given  in  report. 

Correcting  the  estimate  on  i)ago  64  of  the  Report  of  the  Committee 
on  Canals  for  omissions  and  for  change  in  values,  the  expense  account 
for  bargo  fleet,  with  a  total  annual  traflic  on  canal  of  15  000  000  tons, 
will  be  as  follows: 

TABLE  No.  3. — Expense  Account,  Bakge  Fleets. 

Wages  and  subsistence $4:  000 

Fuel,  oil,  w  aste,  etc 3  300 

Ordinary  repairs 300 

Insurance  on  fleet,  4.1  -per  cent 3  150 

Insurance  on  cargo 3  900 

Miscellaneous  expenses 200 

Interest  on  investment,  5  per  cent 3  500 

Deterioration,  etc. ,  5  per  cent 3  500 

Fixed  charges  for  maintenance,  repairs  and  interest 

on  cost  of  canal  (3  per  cent.) 8  800 

Shore  expenses  and  commissions 1  000 

Profit  to  ship-owner 1  500 

Total  for  52  000  tons S!33  150 

Cost  of  transportation  per  ton  between  Bufifalo  and 

New  York 0.64 

Eate  on  lake,  Chicago  to  Buffalo 0 .  50 

Transfer  at  Buffalo 0.25 

Total  rate  per  ton,  Chicago  to  New  York ^1 .39 

"    bushel,    "  "  0.042 


The  rate  per  ton  for  both  the  barge  and  the  ship  canal  (Tables  Nos. 
3  and  4)  will  vary  from  these  estimates  with  any  variation  of  the  volume 
of  traffic  from  that  used.  West-bound  freight,  which  has  been  estimated 
at  one-third  of  the  eastward  movement  and  at  the  same  rate  per  ton, 
would,  under  normal  conditions,  command  a  higher  rate  than  the  east- 
bound  freight,  but  with  the  volume  of  westward  traffic  only  sufficient  for 
one-third  cargoes  for  the  ships  in  the  service,  comiJetition  would  be 
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TABLE  No.  4. — Dimensions,  Capacity  and  Expenses  of  a  Steamship 
Adapted  foe  the  Tkaffic  of  a  21-Ft.  Waterway,  and  Capable  of 
KtTNNiNG  12.5  Miles  pee  Houe  in  the  Open  Lake. 

Length  over  all 480  ft. 

Breadth 52  " 

Draft 19  " 

Horse-power,  (I.  H.  P) 2  200 

Coal  consumed  per  hoiir 3  850  lbs. 

Net  carrying  capacity 8  600  tons 

Cost  of  ship  for  lake  and  canal  business  only ^360  000 

Cost  of  ship  adapted  for  ocean  and  lake  business. . .  .  387  000 

Pay-roll  and  subsistence,  per  day 60 

Fuel,  oil  and  waste,  per  day,  when  running 117 

Fuel,  oil  and  w  aste,  per  day,  in  port 30 

Insurance 4:i% 

Repairs  and  depreciation 5% 

Exijenses  for  season  of  245  days: 

Wages  and  siibsistence $14  700 

Fuel,  oil,  waste,  etc 23  400 

Insurance  on  ship 16  200 

Insurance  on  cargo 22  900 

Miscellaneous  expenses 1  000 

Interest  on  investment,  5  jjer  cent 18  000 

Deterioration,  etc. ,  5  per  cent 18  000 

Fixed  charges  for  maintenance  of  canal,  repairs  and 

interest  on  cost  (3  per  cent.) 73  400 

Shore  expenses  and  commissions 2  GOO 

Profit  to  ship  owner 10  000 

Total  for  183  470  tons $199  600 

Rate  per  ton,  Chicago  to  New  York $1 .09 

Eate  ijer  biishel,  Chicago  to  New  York 0.033 


likely  to  force  the  rate  fully  as  low  as  for  east-bound  traffic.  The 
intei'est  on  the  cost  of  the  canal  during  construction  would  also 
increase  the  amount  of  fixed  charges  above  those  used  in  the  esti- 
mates, and  corresjiondingly  increase  the  rate  per  ton. 
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These  variations  will  have  relatively  the  same  effect  on  the  rates  for 
both  the  barge  and  ship  canal,  and  therefore  would  not  materially 
change  the  comparative  value  of  the  two  types  of  waterways. 

The  items  from  Tables  Nos.  3  and  4,  for  wages,  subsistence,  fuel 
and  miscellaneous  exijenses,  amount  to  between  one-fourth  and  one- 
fifth  of  the  respective  total  expense  accounts,  showing  that  the  actual 
cost  of  moving  a  ton  of  freight  from  Chicago  to  New  York  will  be  less 
than  one-fourth  of  the  rate  necessary  to  transact  the  business,  and 
therefore  any  material  reduction  in  transportation  rates  can  only  be 
obtained  by  constructing  waterways  on  which  quick  trips  can  be 
made  and  all  unnecessary  transfer  and  terminal  charges  eliminated. 

The  comparative  transportation  rates  given  in  Major  Symons' 
report  differ  from  the  present  estimate  for  the  reason  that  the  latter 
includes  fixed  charges  for  maintenance  and  interest,  and  is  based  upon 
speeds  in  the  restricted  portions  of  the  waterway  which  have  been 
demonstrated  to  be  safe  and  practical  in  the  connecting  channels  of 
the  Lakes,  and  upon  disimtch  at  terminal  ports  similar  to  that  now 
obtained  at  Lake  harbors. 

The  average  time  in  port  for  freighters  running  between  Duluth 
and  Buffalo  is  about  three  days  per  round  trip,  but  to  make  allowance 
for  the  different  conditions  in  New  York  Harbor  four  days  per  round 
trip  have  been  used  in  the  present  estimate. 

It  is  also  assumed  that  if  the  volume  of  traffic  on  the  barge  canal 
should  amount  to  15  000  000  tons  annually,  a  shij^  canal  of  dimensions 
suitable  to  allow  the  lake  tonnage  free  passage  to  the  seaboard  would 
develop  at  least  20  000  000  tons  per  year. 

The  record  of  the  transportation  rates  and  volume  of  traffic  on 
canal  and  railroads  between  Buffalo  and  New  York  indicate  that  any 
waterway  which  does  not  admit  of  steamers  passing  direct  between 
lake  ports  and  the  seaboard  is  not  likely  to  prove  a  successful 
competitor  of  the  railroads. 

The  freight  carried  on  the  Erie  Canal: 

Li  1837  was 667  151  tons. 

In  1850 


In  1860 
In  1870 
In  1880 
In  1890 
In  1899 


1  635  089 

2  2.53  533 

3  083  132 

4  608  651 
3  .303  929 
2  414  084 


236         WISNER  ON  CANALS  FROM  THE  LAKES  TO  NEW  YORK. 

Since  1880,  when  the  traflSc  on  the  Erie  Canal  reached  a  maximum, 
the  rate  per  ton-mile  on  the  raih'oads  from  the  Lakes  to  the  seaboard 
has  been  nearly  double  that  on  the  Erie  Canal,  yet  during  that  time 
the  business  of  the  canal  has  diminished  one-half,  -while  that  on  the 
raih'oad  has  nearly  trebled,  showing  beyond  question  that  the  volume 
of  freight  which  will  be  shipped  by  any  given  route  does  not  depend 
entirely  upon  the  relative  transportation  rates,  and  that  unless  the 
causes  which  have  produced  the  decline  of  traffic  on  the  Erie  Canal 
are  eliminated  in  the  construction  of  new  waterways  no  better  results 
need  be  expected. 

Two  of  the  princij)al  benefits  to  be  expected  from  the  construction 
of  a  waterway  of  jDroper  dimensions  between  the  Lakes  and  the  Atlantic, 
ai*e  the  develoj^ment  of  ship -building  industries  at  lake  ports,  and  to 
make  it  jjossible  for  individual  ship  owners  to  do  business  in  com- 
jjetition  with  combinations,  neither  of  which  could  be  realized  from  the 
construction  of  a  12-ft.  barge  canal. 

The  only  jjossible  way  in  which  the  traffic  of  a  barge  canal  requir- 
ing transfer  of  freight  at  Buffalo  can  be  increased  over  that  of  the 
present  Erie  Canal,  will  be  by  organizing  large  transportation  com- 
panies to  operate  fleets  of  barges  in  connection  with  freight  steamers 
on  the  Lakes,  so  that  through  bills  of  lading  can  be  made  from  lake 
2)orts  to  the  seaboard. 

Such  an  arrangement  would  also  require  the  control  of  sufficient 
elevator  cajDacity  at  Buffalo  to  take  care  of  the  sur^^lus  grain  which  at 
times  Avotdd  be  greatly  in  excess  of  the  carrying  capacity  of  the  barges. 

With  economical  water  transportation  only  possible  for  organiza- 
tions controlling  large  amounts  of  capital,  it  is  by  no  means  im- 
probable that  the  canal  and  railroad  companies  would  combine  to 
maintain  rates,  and  thereby  destroy  about  the  only  benefit  to  be 
expected  from  a  canal  of  such  dimensions. 

In  a  waterway  having  dimensions  to  corresjaond  with  the  dej^th  of 
the  water  routes  connected,  individual  ship  owners  would  have  equal 
opportunities  with  the  large  organizations  and  practically  make  the 
control  of  freight  rates  impossible. 

Such  a  waterway  would  also  make  it  possible  to  increase  largely 
the  steel  and  shiijbuilding  industries  of  the  country,  and  probably  be 
of  great  assistance  in  restoring  the  Merchant  Marine  of  the  United 
States  in  foreign  trade. 
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It  is  of  interest  to  uote  that  tliodistauco  from  Jiutl'ulo  to  New  York 
bv  railroad  is  440  miles,  by  Barge  Canal  49C  miles,  and  by  sliii)  canal 
rid  Lake  Ontario  and  the  Mohawk  River  is  477  miles,  making  the 
barge  route  11)  miles  longer  than  the  ship  canal,  with  about  three 
times  greater  amount  of  canal  section  through  Avhich  boats  will  have 
to  move  at  minimum  speed. 

Keferring  to  the  estimated  cost  of  21  and  30-ft.  waterways  from  the 
Lakes  to  the  seaboard  it  will  be  noted  that  the  latter  will  cost  abotit 
§100  000  000  more  than  the  former,  not  including  the  cost  of  improv- 
ing terminal  harbors.  The  difference  in  expense  for  operation,  rnain-^ 
tenance  and  repairs  will  be  about  $550  000  per  year,  making  the  fixed 
charges  for  a  30-ft.  waterway,  including  the  improvement  and  main- 
tenance of  lake  harbors,  nearly  $5  000  000  greater  than  for  one  of  21- 
ft.  dejith. 

It  has  been  shown  that  taking  the  cost  of  improvements  into  con- 
sideration the  commerce  of  the  Lakes  can  be  transported  more  econom- 
ically with  channels  of  21-ft.  dejith  than  with  deeper  ones,  and 
therefore  whatever  advantages  are  to  be  derived  from  a  30-ft.  water- 
way from  the  Lakes  to  the  Atlantic  must  come  from  developing  new 
industries  and  commerce  by  direct  trade  between  the  Lakes  and,foreign 
Ijorts. 

With  a  traffic  of  20  000  000  tons  annually  in  such  a  waterway  it  is 
not  jjrobable  that  more  than  6  000  000  tons  would  be  foreign  com- 
merce, and  if  carried  in  deep-draft  vessels  the  14  000  000  tons  for 
domestic  consiimption  would  have  to  be  discharged  at  New  York  for 
use  in  the  city,  or  for  reshipping  to  other  ports  on  the  Atlantic  Coast. 
This  would  necessitate  two-thirds  of  the  ships  trading  direct  between, 
the  lake  ports  and  New  Y'^ork,  or  sailing  for  Europe  with  light  loads. 

With  a  21-ft.  waterway  the  ships  adapted  to  the  service  could  dis- 
charge domestic  commerce  at  New  York  or  at  any  other  port  on  the 
coast  to  which  consigned,  but  would  j^robably  transfer  all  foreign 
freight  to  ocean  steamers  at  New  York,  except  on  the  last  trips  before 
the  close  of  lake  navigation,  when  it  might  be  found  advantageous  to 
load  for  through  passage  to  Europe. 

Taking  into  consideration  the  annual  expenses  for  interest  and 
maintenance  of  the  two  waterways,  the  cost  of  transportation  for 
domestic  traffic  will  be  6  cents  per  ton  greater  for  a  30-ft.  waterway 
than  for  one  21  ft.  deep,  from  which  it  would  appear  that  any  benefits 
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to  be  derived  from  canals  of  greater  dei^ths  than  necessary  for  econom- 
ical transportation  on  the  Lakes  must  result  from  direct  foreign  trade 
between  the  lake  ports  and  Europe. 

If  the  difference  of  the  annual  fixed  charges  for  the  two  depths  of 
waterway  between  Buffalo  and  New  York  be  charged  to  the  jDrobable 
volume  of  foreign  traffic,  the  transpoi*tation  rate  will  be  about  20  cents 
per  ton  greater  with  a  30-ft.  waterway  than  with  a  21-ft.  canal. 

The  amount  of  transfers  at  New  York  for  the  combined  domestic 
and  foreign  traffic  would  be  fully  as  great  when  transported  in  deei?- 
draft  ships  as  when  cai-ried  in  steamers  adapted  for  safe  navigation  of 
the  lake  waterways,  and  therefore  the  benefits  to  be  exjDected  for  the 
deeper  waterway  must  be  wholly  of  an  indirect  nature. 

Since  the  interests  of  the  steel  and  ship-building  industries  would 
be  equally  well  subserved  by  either  waterway,  it  is  difficult  to  conceive 
of  conditions  which  would  warrant  the  large  expenditure  necessary  to 
construct  a  waterway  of  greater  dimension  than  required  for  safe  and 
economical  navigation  on  the  Lakes. 

Almost  any  transportation  rate  may  be  deduced  for  the  routes  of 
different  depths,  by  varying  the  assumed  sj^eed  in  the  restricted  chan- 
nels and  the  time  lost  by  detentions  at  terminal  jiorts.  If,  however, 
the  dimensions  of  channels  be  such  as  to  allow  economical  speeds  for 
the  type  of  vessel  adapted  to  their  use,  there  need  be  no  trouble  in 
establishing  these  elements  of  the  problem  within  reasonable  limits, 
as  the  average  speed  at  which  canal  barges  can  be  towed  is  pretty  well 
known,  and  the  safe  speeds  of  steam  ships  in  the  restricted  waterways 
of  the  Great  Lakes  and  in  the  Ship  Canals  of  Europe  furnish  data 
from  which  the  ratio  of  cross-section  of  channel  to  that  of  ship  may  be 
determined,  which  will  give  a  minimum  rate  of  trausjjortation. 

Conclusions. 

1.  A  waterway  from  the  Great  Lakes  to  the  Atlantic,  to  produce  the 
"best  results,  should  have  dimensions  which  will  jiermit  the  passage,  at 
economical  speeds,  of  ships  best  adapted  for  the  traffic  of  the  water 
routes  connected. 

2.  Safe  navigation  of  the  Great  Lakes  requires  a  minimum  depth 
for  the  connecting  channels  of  at  least  20  ft.  and  for  depths  of  over  21 
ft.  the  interest  on  the  cost  of  construction  will  exceed  the  decrease  in 
transportation  rates  due  to  the  use  of  deeper  draft  freight  carriers. 
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3.  With  any  waterway  requiring  the  transfer  of  freight  at  Buflalo, 
independent  canal  boats  cannot  comiJete  with  (existing  lake  and  raih-oad 
lines,  and,  unless  the  waterway  is  oi)erated  by  rich  transportation  com- 
panies controlling  lines  of  lake  steamers  and  canal  barges,  the  business 
developed  will  probably  not  exceed  that  of  the  present  Erie  Canal. 

-t.  The  decline  of  traffic  on  the  Erie  Canal  since  1880,  and  the 
failure  of  the  11-ft.  Canadian  canals  to  diveri  commerce  from  the  lake 
and  railroad  lines,  indicate  that  a  waterway  of  less  dei^th  than  required 
for  the  passage  of  the  best  type  of  lake  freighters  cannot  materially 
modify  the  transportation  rates  over  existing  routes. 

5.  The  indirect  benefits  to  commerce  to  be  derived  from  a  21 -ft. 
waterway  will  be  nearly  as  great  as  can  be  expected  with  greater  depth 
of  channel. 
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DISCUSSION. 


Thomas  W.  Symons,  M.  Am.  Sos.  C.  E.  (by  letter). — Without  enter- 
ing upon  a  discussion  of  the  general  canal  proposition,  the  writer  feels 
compelled  to  take  exception  to  some  of  the  statements  in  Mr.  Wisner's 
valuable  paper,  and  particularly  wishes  to  dissent  from  his  fourth 
conclusion,  which  is  as  follows: 

"  The  decline  of  traffic  on  the  Erie  Canal  since  1880,  and  the  failure 
of  the  14-ft.  Canadian  canals  to  divert  commerce  from  the  lake  and 
railroad  lines,  indicate  that  a  waterway  of  less  depth  than  required  for 
the  jjassage  of  the  best  type  of  lake  freighters  cannot  materially 
modify  the  transportation  rates  over  existing  routes." 

The  decline  of  traffic  on  the  Erie  Canal  is  due  to  very  many  causes, 
the  principal  ones  being  that  it  is  not  in  any  manner  up  to  date,  that 
the  towing  is  still  being  done  on  it  largely  by  horses  and  mules,  and 
that  the  business  has  never  been  organized  and  conducted  on  modern 
lines.  It  has  been  seriously  handicapped  by  the  fact  that  improvements 
have  been  undertaken  and  discussed  which  would  render  the  old  type 
and  size  of  boats  obsolete;  rendering  it  inadvisable  as  a  business  prop- 
osition for  people  to  build  new  boats  for  canal  business  or  to  replace 
those  outworn,  with  the  possibility  before  them  of  a  larger  canal  in 
the  near  future. 

That  the  traffic  on  the  Erie  Canal  has  declined,  it  is  true,  but  it 
would  immediately  spring  up  and  grow  to  enormous  dimensions  if  a 
proper  barge  canal  were  built  in  its  place,  if  legislative  restrictions  on 
the  capital  of  operating  transportation  companies  were  removed,  and 
if  the  business  were  organized  in  a  thoroughly  up-to-date  manner.  It 
must  not  be  forgotten  that  if  the  Erie  Canal  has  stood  still,  or  worse 
than  still,  for  the  last  thirty  years,  the  competing  railroads  have 
imjsroved  their  transjiortation  facilities  enormously  in  ways  which  it 
is  unnecessary  to  recount  here. 

But  the  most  palpable  error  in  this  fourth  conclusion  of  Mr. 
Wisner  is  his  acceptance  and  statement  as  to  the  "failure  of  the  14- ft. 
Canadian  canals  to  divert  commerce  from  the  lake  and  railroad  lines." 
As  a  matter  of  fact,  the  Canadian  14-ft.  canal  system  has  not  yet  been 
fully  comjDleted,  and  it  has  not  yet  been  used  by  any  boats  drawing 
14  ft. ,  and  probably  will  not  be  for  some  time.  Considerable  work 
remains  to  be  done  in  the  canals  and  the  St.  Lawrence  River  before 
this  transportation  scheme  is  fully  completed.  In  addition  to  this, 
the  Canadian  Government  and  private  parties  have  only  just  begun 
work  at  Port  Colborne  and  Montreal  to  prepare  for  the  traffic  which 
they  expect  to  go  through  this  commercial  highway  formed  by  the 
"Welland  Canal,  Lake  Ontario,  and  the  St.  Lawrence  Kiver  and  Canals. 
According  to  the  papers,  quite  a  number  of  boats  are  being  projected 
and  a  number  are  being  built  to  run  on  this  route  as  soon  as  it  is  com- 
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plete,  nuil  Mr.  Wisner  has  cortainly  juinix'il  at  a  conc'lusiou   wliicb  in  Mr.  Sym 
in  no  mauuor  justitied  by  the  facts  and  present  data.     The  14-ft.  Can- 
adian canals  may  be  determined  hereafter  to  be  failures,  but  it  cer- 
tainly has  not  been  proven  yet,  in  advance  of  their  completion. 

His  premises  being  entirely  in  error,  it  follows  that  his  conclusion 
"that  a  waterway  of  less  depth  than  required  for  the  passage  of  the 
best  type  of  lake  freighters  cannot  materially  modify  the  transi)orta- 
tion  rates  over  existing  routes  "  is  unfounded  and  unjiistifiable.  In 
fact,  even  granting  the  premises,  the  conclusion  is  by  no  means  justi- 
fiable. The  barge  canal  proposed  for  the  Erie  Canal  route  has  a 
capacity  for  boats  four  times  the  size  of  those  now  in  use.  To  say 
that  they  cannot  materially  modify  transportation  rates  is  just  as 
absurd  as  it  would  be  to  say  that  8  000-ton  steamers  on  the  Lakes  can- 
not materially  modify  rates  suitable  to  2  000-ton  steamers. 

To  aid  him  in  his  contentions,  Mr.  Wisner  is  willing,  aj^parently, 
to  stand  sponsor  for  the  statement  that  in  the  case  of  Avooden  barges 
and  steel  barges  of  the  same  size  and  model,  the  power  required  to 
tow  the  wooden  barges  is  about  twice  that  required  for  towing  steel 
barges,  and  that  "  the  cost  for  towing  per  ton-mile  for  the  wooden 
barge  was  about  double  that  for  the  steel. "  This,  he  states,  is  based 
upon  some  experiments  in  towing  by  Captain  C.  V.  Sujipan,  Chief  of 
the  Steam  Navigation  Service  on  the  Danube.  This  alleged  fact  in 
regard  to  the  difference  in  the  cost  of  towing  steel  and  wooden  barges 
is  so  contrary  to  common  sense  and  experience  that  it  is  difficult  t» 
understand  how  an  engineer  of  standing  would  be  willing  to  use  it  iu 
an  argument  in  favor  of  anything.  The  only  difference  there  could 
possibly  be  would  be  in  the  skin  friction  on  the  outside  of  the  boat. 
Assuming  that  the  steel  boat  and  the  wooden  boat  were  in  equally 
good  condition,  the  difference  in  the  amounts  of  this  skin  friction 
would  necessarily  be  very  slight.  This  is  one  of  the  reasons  why  Mr. 
Wisner,  in  his  comparative  tables  of  cost  of  transi3ortation,  insists 
upon  the  transportation  through  the  barge  canal  being  done  in  expen- 
sive steel  vessels,  instead  of  cheap  wooden  ones.  As  a  matter  of  fact, 
one  of  the  strongest  arguments  in  favor  of  the  barge  canal,  following 
the  general  route  of  the  Erie  Canal,  is  that  business  upon  it  can  be 
done  in  cheap  light  wooden  boats,  as  these  boats  would  not,  at  any 
part  of  the  route,  be  subjected  to  the  storms  which  prevail  at  times 
on  the  Great  Lakes. 

Mr.  Wisner  gives  4|  "q  ^s  the  rate  of  insurance  on  a  fleet  of  barges 
operating  on  the  canal.  As  a  matter  of  fact,  the  prevailing  rate  is  2% 
for  steamers  and  1%  for  ordinary  boats,  making  the  average  insurance 
rate  on  a  fleet  of  one  steamer  and  three  plain  barges  less  than  lh%,  or 
less  than  one-third  of  the  amount  stated  by  Mr.  Wisner.  He  has  also 
increased  the  cargo  insurance  in  some  unexplained  manner. 

By  swelling  the  cost  of  the  necessary  boats  for  operating  on  the 
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Mr.  Symons.  canal  in  an  entirely  unnecessary  manner,  which  largely  increases  the 
charge  for  insurance,  interest,  and  deterioration,  Mr.  Wisner  makes 
his  showing  favorable  to  the  ship  canal. 

The  steel  boats  estimated  on  by  Mr.  Wisner  would  be  able  to  navi- 
gate the  open  Lakes,  as  the  Cleveland  steel  boat  fleets  are  doing  to- 
day, and  could  run  between  the  Lakes  and  the  sea  in  competition  with 
the  large  steamers  on  the  proposed  ship  canal,  and,  because  of  their 
much  lower  cost  per  ton  of  carrying  cajDacity  (about  one-third),  and 
lower  operating  expenses,  could  furnish  transportation  cheaper  than 
could  the  large  steamers. 

Mr.  Wisner  also  predicates  his  findings  on  the  lake  ship  going  to 
New  York  and  getting  as  quick  dispatch,  or  nearly  as  quick,  as  it  gets 
at  the  Lake  ports.  Now,  this  cannot  be  admitted  as  a  reasonable  pro- 
bability. The  only  way  in  which  it  could  get  a  quick  dispatch  would 
be  to  go  to  an  elevator  and  discharge  its  cargo  and  return  with  little 
or  no  cargo.  This  would  mean  another  handling  of  the  cargo  in  New 
York  and  an  added  expense  of  about  as  much  as  the  total  cost  of 
transportation  on  a  barge  canal.  The  conditions  under  which  busi- 
ness is  done  in  New  York  are  such  as  to  preclude  the  reasonable  pro- 
bability of  a  lake  ship  delivering  its  cargo  into  a  foreign-bound  ship 
directly,  except  occasionally.  Nearly  all  the  foreign-bound  com- 
merce of  New  York  leaves  the  port  as  berth  cargoes  in  the  large  ocean 
liners.  These  ships  do  not  leave  their  docks,  freight  has  to  be 
brought  to  them,  and  there  is  not  room  at  the  dock  for  the  ocean  ship 
and  the  lake  ship,  while  there  is  room  for  the  canal's  boats  and  the 
necessary  means  of  transfer,  such  as  floating  elevators,  etc.  To  get 
anything  like  the  dispatch,  at  the  Port  of  New  York,  on  which  Mr. 
Wisner  figures,  would  require  a  very  complete  ujiheaval  and  reversal 
of  the  methods  of  doing  business  in  this  great  jjort. 

There  would  certainly  be  serious  delays  in  the  ordinary  transaction 
of  business,  in  getting  rid  of  the  cargo  of  a  great  ship,  which  delays 
could  only  be  obviated  by  going  to  large  expense  in  extra  handling  of 
the  cargo. 

Even  if  the  port  delays  to  the  barges  of  a  barge  canal  were  as  great 
in  New  York  as  the  delays  to  the  ship,  these  delays  would  not  be  so 
serious,  as  the  cost  per  ton  capacity  for  the  barges  is  very  much  less 
than  the  cost  per  ton  capacity  of  a  great  ship,  and  the  operating 
expenses  of  the  barges  are  very  much  less  than  the  operating  expenses 
of  a  ship,  either  moving  or  in  port. 

There  are  decided  reasons  for  believing  that  it  would  be  more  con- 
venient, and  better  for  commerce,  to  have  nearly  all  the  western  pro- 
ducts arrive  in  New  York  in  lots  of  about  1  000  tons,  in  place  of  having 
them  arrive  in  lots  of  6  000  to  10  000  tons.  Nearly  all  our  exports  are 
shipped  as  berth  cargoes  in  vessels  carrying  diversified  loads,  not 
more  than  10  to  15/^  being  shipped  in  full  cargo  lots.     A  cargo  of 
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a  000  tons  arriving  in  eight  different  loads  would  go  to  eight  dif-  Mr.  Symons. 
ferent  shipa  and  be  transferred,  as  is  the  custom  now,  directly  into  the 
ship  without  its  leaving  its  own  berth.  The  advantages  of  this  in 
economy  and  time  saving  are  obviously  very  great.  That  it  is  some- 
times more  advantageous  to  divide  a  large  amount  of  freight  into 
several  lots  than  to  carry  it  all  in  one,  is  exemplified  in  the  transiDorta- 
tion  of  coal  by  water  along  the  Atlantic  seaboard.  The  enormous 
business  of  transporting  some  30  000  000  tons  per  year  is  practically 
all  done  in  barges  of  1  000  to  2  000  tons,  three  or  four  of  them  being 
towed  by  one  tug.  The  business  of  transporting  this  coal  was 
formerly  done  in  single  steamers  and  sailing  vessels,  but  the  tow 
barge  system  has  sujjplanted  this  method  almost  entirely,  and  the 
writer  cannot  but  regard  it  as  a  lesson  fraught  with  very  great  value 
to  any  student  of  the  jjroblem  of  connecting  the  Great  Lakes  with  the 
ocean  by  a  water  route. 

The  data  furnished  by  Mr.  Wisner  are  not  at  all  suflBcient  to  prove 
that  the  Great  Lake  freighters  could  with  safety  make  a  speed  of  8 
miles  per  hour  in  the  canal  proposed  by  the  Board  of  Engineers  on 
Deep  Waterways.  There  is  much  to  be  said  on  the  other  side.  The 
fact  that  boats  habitually  pass  through  the  short  straight  St.  Clair 
.Flats  Canal  at  a  speed  of  7  to  11  miles  per  hour  is  not  conclusive 
Ihat  it  would  be  safe  to  maintain  this  speed  with  full-sized  shijDs  in  a 
comparatively  long  canal,  with  more  or  less  curvature,  and  rocky 
bottom  and  sides.  If  the  ship  canal  has  a  commerce  upon  it  in  large 
ships  sufficient  to  justify  the  enormous  expense  to  be  incurred  in 
building  and  maintaining  it,  it  must  necessarily  be  fairly  well  crowded 
with  boats  at  all  times,  day  and  night,  in  windy  and  stormy  weather 
.as  well  as  quiet  and  pleasant  weather,  and  under  all  circumstances. 
The  writer  cannot  conceive  of  these  ships  being  driven  at  a  speed 
of  8  miles  per  hour  and  meeting  and  passing  other  ships  without  pictur- 
ing to  himself  very  gi'eat  danger  of  accidents. 

Experience  demonstrates  that  accidents  are  bound  to  occur  to  ships 
navigating  such  a  narrow  channel,  and  that  it  will  be  necessary  for 
-them  to  move  slowly  and  with  the  utmost  caution.  Any  accident 
which  leads  to  the  sinking  of  a  ship  in  such  a  narrow  canal  might,  and 
probably  would,  in  many  cases  completely  block  the  canal  until  the 
ship  could  be  raised  and  gotten  out  of  the  way.  During  the  season  of 
1899  there  were  three  incidents  in  the  history  of  transportation  on  the 
Lakes  which  illustrate  this  danger  and  the  serious  consequences  which 
are  likely  to  be  incurred  through  an  accident.  In  the  early  part  of 
September,  1899,  one  of  the  Great  Lake  boats,  the  Doriglas  Houghten, 
laden  with  ore,  broke  her  steering  gear,  and  went  aground  in  the  chan- 
nel of  the  St.  Marys  River.  In  sinking  she  swung  around  across  the 
channel  and  comi^letely  blocked  it.  It  took  five  days  of  great  effort  to 
.get  this  vessel  afloat  and  out  of  the  channel,  and  in  the  meantime  332 
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Mr.  Symons  vessels  were  blocked  and  unable  to  get  by.  This  caused  a  great  loss- 
to  the  Lake  carrying  interests,  probably  over  8500  000. 

In  the  latter  part  of  November  another  blockade  of  the  St.  Marys 
Eiver  Channel  occurred,  due  to  a  collision  in  which  three  vessels,  two- 
steamers  and  a  tow  barge,  were  mixed  up  and  stranded,  and  this  caused 
a  delay  of  nearly  four  days  to  some  167  vessels,  and  involved  a  very 
great  loss. 

In  the  early  part  of  December  a  tow  barge  went  aground  in  the 
channel  leading  to  the  St.  Clair  Flats  Canal,  blocking  the  canal  for 
nearly  two  days  and  delaying  35  vessels. 

Besides  these  greater  accidents,  delaying  many  ships,  there  are  con- 
stantly being  rei^orted  other  accidents  of  a  less  serious  character  ia 
these  inter-lake  channels,  such  as  the  sinking  of  individual  vessels,  col- 
lisions and  damage,  the  stranding  of  vessels,  etc. ,  due  to  breaking  of 
steering  gear,  mistaken  signals,  or  boats  taking  a  sheer.  Besides,  there 
is  the  likelihood  of  accidents  to  vessels  at  the  locks  themselves,  causing 
detentions  and  blockades. 

There  is  no  getting  over  the  fact  that  the  home  and  place  for  large 
shijis  is  in  the  wide  free  waters,  and  that  when  they  enter  the  narrow 
waters  they  are  subject  to  grave  dangers,  and  must  move  with  extreme 
caution.  So  great  are  these  dangers  on  the  narrow  channels  of  300  to 
400  ft.  width  connecting  Lakes  Erie,  St.  Clair,  Huron  and  Superior 
that  the  shipping  interests  of  the  Great  Lakes  are  making  strenuous 
efforts  to  get  the  Government  either  to  Aviden  them  to  600  or  800  ft.,  or 
to  build  duplicate  channels,  one  to  be  used  by  up-bound  and  one  by 
down-bound  vessels. 

It  does  not  do  to  shut  our  eyes  to  the  perils  of  great  shijDS  in  nar- 
row channels.  In  spite  of  all  precautions,  such  accidents  are  likely  to 
happen  in  narrow  channels  traversed  by  ships  of  7  000  to  10  000  tons 
caj^acity.  The  longer  the  channel,  the  greater  is  the  likelihood  of  acci- 
dent, and  it  is  easy  to  imagine  that  in  a  ship  canal,  from  Lake  Erie  to 
Lake  Ontario,  and  from  Lake  Ontario  or  the  St.  Lawrence  Eiver  to 
New  York,  such  accidents,  blockades  and  detentions  would  be  of  fre- 
quent occurrence,  if  used  by  many  vessels.  These  would  all  tend  to 
reduce  greatly  the  average  speed  attainable  in  the  canal.  Of  course, 
accidents  and  detentions  are  likely  to  occur  on  a  small  canal  also,  but, 
owing  to  the  greater  ease  with  which  the  smaller  locks  and  boats  can 
be  managed,  the  dangers  here  are  not  so  marked;  besides,  the  results 
of  accidents  on  a  small  canal  are  not  so  likely  to  be  disastrous  as  in 
the  case  of  a  greater  canal  and  larger  boats.  It  is  a  mach  easier  and 
quicker  matter  to  lighter  a  small  vessel  carrying  a  few  hundred  tons 
than  it  is  to  do  so  with  a  great  freighter  carrying  several  thousand  tons. 

There  is  another  point  of  view  from  which  this  problem  must  be 
looked  at,  and  which  should  receive  very  serious  consideration.  The 
canal,  if  built,  will  be  built  by  the  United  States  at  a  cost  of  about- 
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«200  000  000.  If  built  by  the  United  States  the  benefits  should  all  ac-  Mr.  Symons. 
true  to  the  United  States,  but  would  the}'?  It  is  the  writer's  very  de- 
cided opinion  that  they  would  not.  If  a  ship  canal  be  built  from  Lake 
Erie  to  New  York  by  the  Ontario-St.  Lawrence-Champlain  route  it 
would  be  more  apt  to  redound  to  the  disadvantage  of  American  com- 
merce than  to  its  advantage.  Such  a  ship-canal  route  would  follow 
down  the  St.  Lawrence  until  w'ithin  about  50  miles  of  the  seaport  of 
Montreal.  It  would  then  branch  off  to  New  York,  which  would  be 
reached  only  after  traversing  some  350  miles  of  canal,  lake  and  river, 
and  when  at  New  York,  commodities  destined  for  most  foreign  markets 
■would  be  further  away  from  these  markets  than  they  were  when  they 
left  the  St.  Lawrence.  Such  a  canal  would  be  of  some  benefit  to  our 
local  and  strictly  domestic  business,  but  it  would  just  as  certainly  be 
a  detriment  to  our  inbound  and  outbound  foreign  commerce,  tending 
strongly  to  take  it  away  from  New  York  and  our  other  North  Atlantic 
cities  and  build  up  the  commerce  of  Montreal.  Of  course,  to  reach 
Montreal,  Canada  would  have  to  add  a  short  section  to  our  ship  canal, 
but  this  she  would  certainly  do,  and  then  it  would  be  inconceivable 
that  grain,  lumber,  iron  ore,  manufactured  steel  or  other  articles  de- 
stined for  foreign  markets,  reaching  within  50  miles  of  Montreal,  would 
retrace  their  steps  through  350  miles  of  contracted  waterway  back  to 
the  Port  of  New  York. 

The  same  is  true,  though  to  a  somewhat  less  extent,  in  regard  to 
the  ship  canal  projected  by  the  Oswego-Ontario-Oneida-Mohawk  route. 
If  the  Great  Lake  freighters,  carrying  from  7  000  to  10  000  tons  of  pro- 
duce, should  go  into  Lake  Ontario,  they  could  continue  on  down  the 
splendid  waterway  of  Lake  Ontario  and  the  St.  Lawrence  Eiver  as  far 
as  Prescott  and  Ogdensburg,  only  about  120  miles  from  Montreal,  and 
then  transfer  into  2  000  or  3  000-ton  barges  to  be  taken  through  the 
Canadian  canals  to  Montreal.  All  foreign-bound  commerce  would  un- 
doubtedly take  this  course  rather  than  the  route  from  Oswego  to  New 
York  through  320  miles  of  contracted  and  dangerous  waterway  with  its 
590  ft.  of  lockage.  It  is  altogether  certain,  too,  that  in  this  event 
Canada  would  soon  enlarge  her  St.  Lawrence  canals  so  as  to  permit  the 
Oreat  Lake  vessels  to  run  directly  to  Montreal,  and  the  resultant 
benefits,  in  that  event,  would  be  far  greater  to  Canada  than  to  the 
United  States. 

Whatever  canal  is  built  should  be  so  located  that  its  benefits  would 
only  acci-ue  to  the  United  States,  and  there  is  only  one  canal  route  be- 
tween Lake  Erie  and  the  ocean  of  which  this  is  true,  and  that  is 
along  the  line  of  the  present  Erie  Canal.  This  route  is  not  available 
for  a  ship  canal,  but  is  available  and  well  suited  for  a  barge  canal, 
and  is  the  only  route  which  should  ever  be  considered  by  the  people  of 
the  United  States. 

The  point  made  by  Mr.   Wisner  against  the  barge  canal,  that  it 
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Mr.  Symons.  could  only  be  fully  and  properly  utilized  by  the  organization  of  large 
transportation  companies  to  operate  boats  on  the  Lakes  and  canal 
with  elevators  at  Buffalo,  and  that  these  transj^ortation  companies  and 
lake  and  rail  lines  would  probably  combine  to  maintain  rates  and 
thereby  destroy  the  benefits  from  such  a  canal,  is  not,  in  the  writer's 
opinion,  well  taken.  Such  a  canal  would  be  free  to  any  number  of 
transportation  companies,  just  as  free  as  the  Lakes  themselves,  and 
while  such  a  combination  might  be  made,  it  is  also  equally  probable 
that  in  that  event  other  companies  would  be  organized  and  do  business 
at  the  lowest  jjrofitable  rates.  The  charge  of  a  possible  combination, 
to  maintain  rates  would  lie  almost  as  well  against  the  ship  canal 
advocated  by  IMi-.  Wisner  as  against  the  barge  canal.  In  fact,  in  some 
respects  it  would  lie  more  strongly,  for  it  would  take  less  capital  to 
break  into  a  barge  canal  combination  than  into  a  ship  canal  combina- 
tion. 

Mr.  Wisner  says: 

"  Since  1880,  when  the  traflBc  on  the  Erie  Canal  reached  a  maximum, 
the  rate  per  ton-mile  on  the  railroads  from  the  Lakes  to  the  seaboard 
has  been  nearly  double  that  on  the  Erie  Canal,  yet  during  that  time 
the  business  of  the  canal  has  diminished  one-half,  while  that  on  the 
railroads  has  nearly  trebled,"  etc. 

While  it  may  be  true  that  railroad  freight  rates  are  double  those  on 
the  canal  if  there  be  included  all  kinds  of  freight  carried,  and  all  the 
year  round,  it  is  not  true  if  there  be  included  only  the  heavy  coarse 
freight  ordinarily  carried  on  the  canal,  and  during  the  period  of  canal 
navigation.  For  many  years  the  canal  rates  and  railroad  rates  on 
grain,  etc.,  have  very  closely  approximated  to  each  other  during  the 
period  of  canal  navigation,  the  railroad  rates  going  up  at  the  close  of 
this  ijeriod.  As  an  illustration  it  is  to  be  noted  that  the  prevailing^ 
rate  of  3  cents  jjer  bushel,  which  the  railroads  have  been  charging  all 
summer,  has  just  been  lifted  by  the  railroad  combination  to  4  cents,  an 
arbitrary  increase  of  SS^%,  to  take  effect  November  1st,  about  the  close 
of  the  season  of  canal  navigation. 

The  writer  is  glad  that  he  can  so  completely  agree  with  Mr. 
Wisner  in  one  respect,  and  that  is  in  his  belief  that  a  canal  for  deep 
sea  shii^s  of  30-ft.  draft  is  not  advisable  or  justifiable.  The  writer 
investigated  this  matter  and  reported  to  this  effect  to  the  General 
Government  in  1897.  He  has  not  yet  seen  reason  to  doubt  the  correct- 
ness of  the  conclusions  reached  in  that  report — that  there  is  one 
type  of  vessel  best  suited  for  use  on  the  ocean,  another  on  the  Lakes? 
and  another  on  narrow  canals  and  waterways;  that  economy  of  trans- 
portation demands  that  the  vessel  be  suited  to  the  waters  which  it 
traverses,  and  that  no  single  type  of  vessel  has  been,  or  jDrobably  will 
be,  devised,  which  is  suitable  to  all  three  or  any  two  of  the  waters 
mentioned.     He  also  cordially  agrees  with  Mr.  Wisner  that  the  depth 
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to  be  aimed  at  for  the  inter-lake  channels  and  Lake  harbors  should  be  Mr.  Symons. 
limited  to  that  suitable  for  vessels  of  20-ft.  draft. 

Mr.  Wisner  and  others  who  advocate  a  ship  canal,  lay  great  stress 
on  its  influence  in  expanding  the  ship-building  industries  of  the 
country  and  "  restoring  the  Merchant  Marine  of  the  United  States  in 
foreign  trade, "  The  writer  is  unable  to  see  much  in  this  argument. 
Ships  are  going  to  be  built  on  the  seashore  and  on  the  Lakes  just  as 
fast  as  they  are  needed,  and  ships  of  the  same  character  will  cost  nearly 
the  same  in  one  place  as  another.  As  an  instance  of  this  it  may  be 
mentioned  that  a  shiji  of  Canadian  canal  size  has  just  been  launched 
in  Buffalo,  destined  for  ocean  trade,  while  at  the  same  time  the  City  of 
Buffalo  is  having  a  large  steel  fire  tug  built  on  the  seacoast,  the  con- 
tract for  the  latter  having  been  awarded  after  full  competition.  The 
mere  transference  of  an  industry  from  one  section  of  the  country  to 
another  is  not  in  itself  a  benefit  for  which  the  whole  country  should  be 
called  upon  to  pay  a  large  sum  of  money. 

The  foregoing  is  intended  as  an  answer  to  a  good  deal  that  appears 
in  Mr.  Mayer's  interesting,  but  rather  transcendental,  paper.  Some 
of  his  theoretical  deductions  are  based  on  entirely  erroneous  data. 
For  instance,  he  bases  some  of  his  theories  on  an  amount  of  tonnage 
tributary  to  a  ship  canal  that  is  far  beyond  any  reasonable  probability 
at  any  time  in  the  near  future.  If  he  were  more  familiar  with  the 
business  of  transportation  on  the  Lakes  he  would  know  that  the  total 
tonnage  passing  through  the  Detroit  River  and  the  Sault  Ste.  Marie 
has  little  relation  to  the  amount  of  tonnage  that  would  pass  through  a 
ship  canal  from  Lake  Erie  to  the  sea.  The  Detroit  Eiver  and  Sault 
Ste.  Marie  tonnage  is  made  up  principally  of  coal,  ore,  lumber  and 
grain.  Practically  none  of  the  coal  would  be  apt  to  pass  through  the 
ship  canal,  but  little  of  the  ore,  while  possibly  half  of  the  lumber  and 
two-thirds  of  the  grain  might  be  conceived  as  using  the  canal.  Mr. 
Mayer's  estimate  of  36  000  000  tons  as  a  reasonable  amount  of  tonnage 
on  which  to  base  his  estimate  is  far  beyond  reason.  Even  Mr.  Wisner, 
strong  advocate  of  the  ship  canal  as  he  is,  only  uses  15  000  000  tons  in 
his  estimates.  It  is  nearer  the  mark,  for  some  years  to  come,  to  figure 
on  10  000  000  tons,  with  a  possible  increase  to  15  000  000  or  20  000  000 
tons  in  the  not  distant  future.  With  an  annual  cost  of  about  §9  000  000 
and  a  tonnage  of  36  000  000,  Mr.  Mayer  computes  an  interest  and  main- 
tenance charge  of  25  cents  per  ton.  With  the  tonnage  reasonably  to 
be  expected,  this  would  be  increased  to  90  cents,  gradually  diminish- 
ing to  perhaps  50  or  60  cents.  And  it  must  not  be  overlooked  that  if 
the  tonnage  approaches  anywhere  near  Mr.  Mayer's  36  000  000,  the 
alternative  suggested  by  him  of  additional  locks  and  facilities  must 
be  met,  which  will  largely  increase  the  interest  and  maintenance 
charges.  At  the  Sault  Ste.  Marie  there  are  now  three  locks:  The 
American  Weitzel  lock,  60  x  515  ft. ;  the  American  Poe  lock,  100  x  800 
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Mr.  SjTnons.  ft.,  and  the  Canadian  lock,  60  x  900  ft.  The  tonnage  passing  through 
them  all  is  something  like  25  000  003  tons  per  annum.  The  American 
locks  are  now  at  times  taxed  to  their  fall  capacity  to  take  care  of  the 
tonnage  demanding  passage,  and  it  is  one  of  the  strong  demands  of 
the  Lake-carrying  interests  that  a  new  lock,  larger  even  than  the  Poe 
lock,  be  built  to  accommodate  the  traffic.  It  is  understood  that  the 
Board  of  Engineers  on  Deep  Waterways  proposes  a  single  lock  on  the 
line  of  its  ship  canal  about  60  x  600  ft.,  about  half  the  size  of  the  Poe 
lock  at  the  Sault  Ste.  Marie,  and  only  large  enough  for  the  passage  of 
one  large  steamer  at  a  time. 

Experience  at  The  Sault  would  indicate  that  as  the  Lake  carrying 
business  is  distributed  throughout  the  year,  such  a  lock  cannot  be 
expected  to  handle  much  over  10  000  000  to  15  000  000  tons  annually. 

In  regard  to  the  number  of  trips  on  which  the  estimated  cost  of 
transportation  is  based,  the  writer  has  now  only  this  to  say: 

In  the  transaction  of  a  transportation  business  by  great  vessels  on 
such  a  ship  canal  as  advocated  by  Mr.  Mayer  and  Mr.  Wisner,  there 
is  a  vast  difference  between  a  reasonable  probability  and  a  theoretical 
possibility.  The  writer  conceives  that  his  estimate  of  10  trips  per  year 
between  Buffalo  and  New  York  is  the  first,  and  the  estimate  of  16  trips 
between  Chicago  or  Duluth  and  New  York  is  the  second. 

J.  Randolph.  IsHAM  EANDOiiPH,  Esq.*  (by  letter). — The  writer  lacks  the  data 
upon  which  to  base  a  discussion  sustaining  his  preconceived  ideas  in 
favor  of  a  channel  deeper  than  21  ft.  This  question  passes  beyond  the 
problem  of  construction  and  cost  into  the  realm  of  political  economy, 
and  statesmen  must  decide  how  much  the  Nation  should  expend  upon 
a  channel  designed  to  connect  the  mid-continent  with  the  World's 
ocean  highways  and  give  the  producers  and  consumers  of  the  Middle 
West  and  Northwest  access  to  the  World's  markets  upon  terms  nearly 
equal  with  those  of  the  Atlantic  States.  Of  one  thing,  however,  the 
writer  feels  sure,  that  any  plan  for  connecting  the  Great  Lakes  with 
the  Atlantic  Coast  should  be  executed  in  such  a  manner  as  to  admit  of 
progressive  development  to  meet  the  maximum  needs  of  a  deep  water- 
way. Locks  and  all  permanent  structures  should  be  constructed  for 
maximum  depths  even  though  the  intervening  channels  be  excavated 
at  the  outset  for  the  21- ft.  depth  advocated  by  Mr.  Wisner.  That  is  a 
concession  to  the  greater  project  which  seems  to  be  justified  by 
American  faith  in  America's  future. 

r.  Schenck.  AECHTBAiiD  A.  ScHENCK,  M.  Am.  Soc.  C.  E.  (by  letter). — These  valu- 

able papers  open  up  two  important  inquiries : 

(1)  Are  Lake  vessels  for  commerce  on  rivers  and  canals  more 
profitable  ultimately  than  small  barges  and  canal  boats? 

(2j  Should  our  "  seaports  "  be  located  at  the  sea  or  in  the  interior? 

*  Chief  Engineer,  Sanitary  District  of  Chicago. 
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There  is  uo  doubt  that  the  free  ocean  freights  cau  be  haudled  for  Mr.  Schenck 
less  than  *  mill  per  ton-mile  for  long  voyages.  On  the  "  half-way- 
free  "  Great  Lakes,  freight  can  be  handled  for  less  than  1  mill  per  ton- 
mile,  where  the  voyage  is  tlie  longest  i)ossible — Chicago  or  Duluth  to 
Buffalo.  This  voyage  may  include  travel  througli  short  stretches  of 
canal  connecting  large  open  lakes.  Owing  to  the  lack  of  intermediate 
large  basins  (such  as  are  the  Lakes),  in  the  proposed  long  canal  and 
canalizf^d  river  through  New  York  State,  no  freight  rate  can  be  posi- 
tively given.  No  actual  test  has  been  made  for  such  long  distances  of 
narrow  canal  crowded  with  deep-draft  vessels  so  thickly,  without 
relieving  basins.  A  comparison  by  highest  speeds  is  hardly  a  safe 
financial  operation.  A  railway  train  on  one  road  can  make  10  miles 
per  hour  on  long  stretches  of  track — on  another  road  it  will  make  40 
miles.  Therefore,  does  the  latter  road  carry  freight  for  one-fourth  the 
rate  of  the  other?  The  consumption  of  time  and  money  on  most  rail- 
ways is  not  in  transit,  but  while  waiting  to  get  into  transit.  On 
the  canal,  crowded  with  numerous  vessels,  the  passing  of  opposing 
and  overtaken  vessels  will  reduce  the  speed  to  one-half,  often  to  one- 
fourth,  occasionally  to  oae-tenth  of  the  maximum  speed.  The  vessel 
must  run  "on  caution  card  "  most  of  the  time,  even  when  having  the 
right  of  canal;  all  this,  apart  from  the  mechanical  difficulties  in  a 
cramped  waterway,  and  with  poor  steering  power,  which  are  well- 
known  causes  of  retarding.  The  premise  of  Mr.  Mayer — tested  speed 
over  measured  lengths — leaves  out  of  sight  all  the  difficulties  of  transit 
over  which  the  railw^ay  man  grows  sad,,  even  on  a  double-track 
railway,  and  which  will  exist  largely  on  a  canal.  Such  difficulties  and 
delays  on  a  long  and  narrow  canal  would  lessen  his  8-mile  speed  to  a 
small  fraction  of  it  as  average  speed;  will  multiply  by  several  times 
his  0.l5  mill  per  ton-mile,  and  will  cut  into  several  small  pieces  his 
^1..50  per  ton  saving. 

With  these  allowances,  he  is  then  in  competition  on  river  and 
canalized  river  with  the  immense  tow^s  of  small  boats,  and'on  the  ocean 
with  the  immense  ocean  carriers.  His  boat  has  neither  great  divisi- 
bility nor  great  mass. 

The  cheapness  of  these  great  tows  of  shallow  boats  is  seldom  noted 
by  those  who  urge  deep-water  canals.  On  the  Mississippi  about 
30  000  000  tons  have  been  carried  annually  at  a  rate  of  0.5  mill  to  2.0 
mills  per  ton-mile,  with  trifling  investment  in  vessels.  The  tonnage 
reaching  Hamburg  by  the  Elbe  is  on  water  from  2  to  6  ft.  in  depth. 
On  the  Rhine,  the  Elbe  and  the  Oder,  the  "strings,"  or  tows,  reach 
10  000  tons  each.  On  the  Hudson  they  run  from  10  000  to  15  000  tons, 
with  draft  of  6  ft.  The  towage  rate  is  about  ro  cent  per  ton-mile. 
This  low  rate  is  not  the  only.  or.  perhaps,  greatest,  advantage  of  these 
tows.  Their  divisibility  enables  them  to  secure  return  cargoes,  or 
cargoes  of  various  sorts  for  many  uses  and  many  ports.     Their  light 
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Mr.  Schenck.  draft  enables  them  to  enter  a  vastly  greater  number  of  ports,  ports  for 
which  the  expense  of  construction  and  maintenance  is  trifling  com- 
pared with  deep-vessel  ports;  to  secvire  an  immensely  greater  variety 
and  number  of  customers  and  shippers;  to  gather  their  freight  nearer 
the  producing  point  and  deliver  it  nearer  the  consuming  point,  with 
little  intermediate  tribute  paid  to  middlemen.  These  tows  more 
nearly  resemble  the  railway  trains,  in  their  divisibility  and  power  of 
reaching  close  to  consumer  and  producer,  than  any  other  form  of 
water  transportation  that  exists  or  can  exist.  It  is  doubtful  whether 
the  cheapening  on  canals  and  rivers  in  freight  of  moderately  deep- 
draft  Lake  vessels  would  equal  in  cash  value  the  gain  those  light- 
draft  vessels  have.  At  the  ocean  shipping  port  they  can  gather  about 
and  get  closely  "in  touch  "  with  large  or  small  vessels,  in  deep  or 
shallow  docks,  as  no  deep-draft  Lake  vessel  can.  They  are  the  con- 
venient, adjustable  unit,  perhaps  never  to  be  supplanted  in  inland 
narrow  navigation  for  freights. 

Again,  the  Lake  vessel  is  also  at  a  loss  in  competing  against  ocean 
carriers.  It  is  dwarfed,  stunted  by  its  inland  channel  and  ports  and  its 
effort,  so  to  speak,  to  run  on  both  sea  and  land.  The  tendency  of 
ocean  carriers  to  greater  tonnage  and  draft  can  readily  be  noted  by 
examining  a  few  well-known  trans-atlantic  steamers. 

TABLE  No.  5. 


Steamer. 

Length,  feet. 

Beam,  feet. 

Draft, 
loaded,  feet. 

Tons. 

JJmbria 

502 
582 
582 
580 
580 
648 
704 
750 

57 
57 
57 
63 
63 

28 
29 
29 
27 
27 

8  128  Gross.. 

Teutonic 

9  685      " 

Majestic 

9  861      " 

City  of  Paris 

10  500      " 

City  of  New  York 

10  500      " 

Kaiser  Wilhelm 

Oceanic 

68 

17  040  Gross. 

New  Liner,  Harhind-  Wolff. 

12  000  Net. 



The  function  of  each  class  of  vessel  is  essentially  different.  The 
proper  style  of  inland  vessel,  small,  penetrating  everywhere;  the  ocean 
carrier,  as  large  as  the  greatest  ports  will  permit.  The  24:-ft.  seaport 
entrance  of  former  days,  the  30-ft.  entrance  depth  of  to-day,  are- 
already  outgrown;  a  40-ft.  entrance  is  now  demanded.  The  increased 
tonnage  is  mostly  clear  profit,  and  the  Lake  vessel  can  never  get  that 
profit.  It  must  go  down  before  such  ocean  comiietition.  It  is  neither 
one  thing  nor  the  other,  neither  truly  inland  nor  truly  oceanic.  Our 
inland  lakes,  too  large  and  dangerous  for  river  vessels,  too  small  and 
with  ports  too  shallow  for  ocean  vessels,  are  an  inconvenient  inter- 
mediate.    A  canal  to  connect  two  bodies  of  water  having  similar  ves- 
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sels  is  reasonable.     A  canal  to  connect  two  bodies  of  water  much  dif-  Mr.  Scbenck 

ferent,  not  adapted  to  the  same  class  of  vessel,  is  not  desirable,  or 

likely  to  be  profitable.     It  is  partially  like  trying  to  connect  a  narrow- 

gange  road  and  a  broad-gauge  road  for  running  through  trains.     Lake 

vessels  will  not  fit  an  ocean — ocean  vessels  proi^er  cannot  get  upon  the 

Lakes  or  use  Lake  ports.    The  eff"ort  to  extend  these  Lakes  seaward,  as 

if  they  were  deep-draft  ocean  waters  seeking  similar  waters,  is  likely 

to  be  costly  and  unprofitable.      Hence,  "let  the  Government  attempt 

it,  it  can  aflford  to  lose." 

The  pressure  for  this  waterway  appears  to  come  from  four  direc- 
tions: 

(1)  The  great  steel-producing  plants,  the  Carnegies,  Rockefellers, 
etc. :  They  can  exterminate  the  middlemen,  be  producers  and  reach  to 
the  foreign  consumer.  Their  gain  comes,  not  so  much  in  decreased 
transportation  cost,  as  in  annihilated  middlemen.  Only  immensely 
wealthy  concerns  can  thus  act  as  producer,  carrier  and  foreign  mer- 
chant. The  usual  blocks  of  distance,  into  which  commerce  divides 
itself,  must  be  made  in  all  but  such  cases,  and  take  place  where  bulk 
can  most  advantageously  be  broken — at  the  coast. 

(2)  From  small  shippers,  to  reach  inland  consumers :  For  these,  the 
majority  of  the  boats  on  canal  and  river  should  be  small,  receiving 
from  the  Lake  boats  as  now,  and  delivering  to  them.  The  remedy  of 
present  cost  lies  in  lessening  transfer  costs  rather  than  in  deepening 
waterways. 

(3)  The  great  mid-continental  railways  that  reach  from  Pacific  tide 
water  to  the  Lakes:  These  are  anxious  to  make  seaports  of  their  Lake 
terminals,  and  be  independent  of  railways  further  east.  Each  wishes 
to  unite  Europe  and  Asia  by  a  single  Hne — its  own. 

(4)  The  numerous  Lake  cities,  each  eager  to  become  a  Greater 
New  York: 

All  these  eff"orts  to  transfer  seaports  to  the  heart  of  the  continent 
are  unnatural.  Millions  and  hundreds  of  millions  of  dollars  have  been 
wasted,  in  recent  years,  in  attempts  to  draw  ocean  commerce  far  in- 
land. A  few  more  hundreds  of  millions  are  now  to  be  added,  per- 
haps. The  civil  engineer,  manager  of  transportation  and  capitalist,  can 
find  no  larger  or  more  important  jiroblem.  It  is  worth  the  most  pains- 
taking study,  with  millions  in  it,  or  to  be  lost  by  it.  It  cannot  be 
taken  up  as  light  reading  or  for  temporary  amiisement.  A  correct, 
generally  accepted  decision  as  to  whether  our  ocean  ports  should  be  far 
inland  or  far  oceanward,  would  tend  to  save  and  make  more  millions 
than  any  other  question  the  civil  engineer  encounters.  This  canal 
project  is  only  one  more  struggle  in  the  expensive  contest  of  ports. 

One  of  the  causes  of  this  contest  has  been  that  mere  shipping  ports 
and  great  marts  of  trade  have  been  sujiposed  to  be  one  and  the  same 
thing.     All  that  each  town  has  aimed  for  has  been  to  be  a  shipping 
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Mr.  Schenck.  port,  a  mere  transfer  table  (witli  very  little  profit  dropped  in  the 
transfer,  it  is  found).  All  that  railways  have  sought  to  reach  has 
bean  a  shipping  point  at  which  to  dump  their  freight  as  near  at  hand 
and  with  as  short  a  road  as  possible.  The  effort  to  ascertain  the  nat- 
ural mart  of  trade  and  interchange,  and  to  reach  it  has  seldom  been 
made. 

The  two  alternates  of  location  have  been  at  the  "head  of  naviga- 
tion" and  at  the  coast.  Navigation"  is  generally  hydra-headed,  and 
"the  "  head  of  navigation  varies  and  dwindles  in  size  and  importance 
with  draft  of  vessel  until  it  becomes  microscopic  and  unascertainable. 
An  "immutable  law  "  is  claimed  to  put  the  great  shipping  port  and 
mart  of  trade  at  this  "  head  of  navigation."  The  real  test  of  commer- 
cial supremacy,  such  as  the  Lake  ports  are  seeking  by  this  canal,  lies 
at  the  foot  of  inland  navigation,  always  a  distinct  thing.  This  is  the 
outermost  j^oint  where  inland  vessels  and  great  tows  can  safely  go  and 
transfer  into  the  great  ocean  carriers.  It  is  where  the  two  can  unite 
without  sacrifice  to  either  in  respect  to  deep  draft  for  ocean  or  light 
draft  for  small  waterways. 

At  such  a  point  the  ocean  vessel,  the  river  vessel,  the  railway,  can 
all  get  together.  It  is  the  only  real  radial  point  on  the  earth's  surface. 
Land,  ocean,  coast,  all  productive  areas,  are  naturally  tributary  and 
accessible  to  it.  If  the  ocean  carrier  comes  hundreds  of  miles  inland, 
it  passes  rich  areas,  full  of  business.  If  it  brings  freight  for  this  coast 
area,  that  freight  must  have  a  double  needless  journey  after  delivery 
inland.  The  coasting  vessels  must  come  far  inland  to  exchange 
freights  with  the  ocean  carrier.  The  railways  must  carry  back  nearer 
to  the  coast  what  has  already  passed  the  coast  inbound. 

In  support  of  the  seaport  far  inland,  and  expensive  projects  for 
bringing  vessels  to  it,  existing  ports  are  quoted.  They  are  the  main 
api^arent  argument.  It  is  said  that  vessels  must  penetrate  to  the  con- 
sumer, and  the  mart  of  trade  be  there.  The  consumers  passed  and 
ignored  on  the  inland  journey  are  not  counted  as  of  importance.  A 
few  figures  in  Table  No.  6  will  indicate  what  rich  productive  areas 
would  be  run  through  if  a  vessel  could  and  did  come  far  inland  past 
the  territorv  of  each  road  named. 


TABLE 

No.  6. 

Road. 

Through  tonnage. 

Local  tonnage. 

New  York  Central 

2  0-^3  13:j 

2  189  804 

7.3S  914 

14  598  0G4 

35  809  588 

Southern  Pacific,  Pacific  System 

4  949  142 

Such  are  some  of  the  rich  tonnage-producing  territories  which  the 
new  Lake  vessels  would  ignore  and  run  past,  in  order  to  reach  the 
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inland  port  ami  get  "nearer  tlie prodiicer  and  consumer."  The  vastly  Mr.  Schenck. 
greater  number  of  buyers,  greater  number  of  j)rotitable  whole-cargo 
lots,  greater  radial  possibilities  of  distribution  to  all  the  country,  are 
ignored  by  the  vessel  whose  only  aim  is  to  go  burrowing  far  into  the 
land,  in  place  of  sending  its  load,  promptly  on  reaching  land,  to  every 
possible  direction. 

The  actual  ports  cited  as  favoring  the  vessel's  search  inland,  are 
numerous.  None  of  them  is  really  far  inland,  many  wish  they  were 
less  so.  Some  of  the  "  inland  ports,"  as  contrasted  with  the  ocean  or 
coast  ports,  are  the  following: 

"Inland  ports  " — Hamburg,  Bremen,  London,  Glasgow,  Gloucester, 
Montreal,  Philadelphia,  Baltimore  and  New  Orleans. 

Some  of  the  coast  ports  are  Liverpool,  Southampton,  Boston,  New 
York  and  San  Francisco. 

These  inland  ports  were  located  before  railways  reached  readily 
to  the  coast.  They  attained  importance  when  slow  water  transporta- 
tion was  the  only  form  of  transportation.  They  were  in  areas  which 
had  developed  close  to  the  rivers  (then  the  only  transportation  routes) 
as  towns  now  sjjring  up  along  railways.  The  draft  of  vessels  was 
small.  Time  was  not  an  object  in  travel,  in  making  sales,  in  turning 
over  capital.  In  the  present  days  time  governs  in  all  these,  as  essen- 
tial; speed  in  transactions  multiplies  capital.  Quick  fluctuations 
compel  quick  deliveries  by  ocean  carriers.  Protection  is  afforded  to 
commercial  cities  at  the  coast.  Fresh  water  does  not  have  to  be  sought 
far  inland. 

Hamburg  was  founded  in  808  A.  J).,  became  a  free  city,  and  secured 
valuable  commercial  privileges  which  more  than  compensated  vessels 
for  going  a  short  distance  inland.  It  is  in  a  fine  radial  location  of 
water  transiaortation,  having  tributary  to  it  2  000  km.  of  waterways. 
It  has  expended  immense  sums  for  facilities,  having  300  acres  of  basins, 
many  miles  of  wharves,  30  000  sq.  ft.  of  storage.  Its  facilities  are 
worth  ^50  000  000  per  annum  to  commerce.  Railway  transportation 
came  too  late  to  change  its  location. 

Bremen  is  not  a  port,  having  only  8  ft.  of  water. 

London  was  located  under  early  conditions.  Although  it  often  in 
early  days  congratulated  itself  on  being  inland  a  short  distance,  be- 
cause of  protection  from  hostile  fleets,  it  has  regretted  it  for  commer- 
cial reasons,  and  made  every  efi"ort  to  overcome  its  disadvantages. 
Since  the  increase  of  railway  facilities,  its  annual  tonnage  has  become 
about  17  000  000,  against  20  000  000  for  Liverpool  and  much  for 
Southampton. 

Glasgow  is  in  a  great  coal  and  iron  producing  country.  It  is  not  a 
commercial  but  a  manufacturing  city,  and  attained  a  population  of 
300  000  before  railways  came. 

The  American  ports  named  as  inland  were  also  located  and  grew  to 
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large  size,  as  a  result  of  water  facilities,  before  railways  came.  New 
York,  a  coast  port,  once  mucli  smaller  than  Philadelphia,  is  now  many 
times  larger.  Boston's  foreign  commerce  exceeds  Philadelphia's  many 
times.  The  inland  port  of  Albany  and  the  inland  ocean  waterway, 
the  Hudson  River,  were  deserted  by  ocean  vessels  through  railway 
competition  which  placed  the  freight  down  at  the  ocean  for  the  ocean 
carriers,  and  through  competition  of  the  great  tows  on  the  Hudson. 
No  better  practical  illustration  of  how  needless  is  an  inland  waterway 
for  ocean  vessels  can  be  found  than  this  same  Hudson  Elver,  on  which 
this  inland  attempt  is  desired  to  be  renewed. 

Philadel^Dhia  made  every  possible  effort  to  draw  ocean  vessels  gen- 
erally to  her  wharves.  The  immense  capital  and  tonnage  of  the  Penn- 
sylvania Railroad  were  backing  the  attempt.  Great  elevators  were 
erected.  The  river  was  deepened  and  range-lighted  by  Government. 
The  ocean  business  failed  to  come,  excejjt  in  years  when  coast  jjorts 
and  steamers  of  all  drafts  were  overtaxed.  Much  of  the  elevator 
machinery  went  to  the  junk  shop.  President  Roberts  read  the  burial 
service  as  follows  before  the  directors: 

"  Some  years  ago  you  established  a  steamship  company,  the  Amer- 
ican Steamship  Company,  fostered  by  your  corjioration,  in  which  you 
took  four-sevenths  of  the  original  stock,  afterward  increasing  that 
from  time  to  time  until  you  had  nearly  31 200  000  invested  in  the  capital 
stock  of  that  steamship  company. 

"  That  81  200  000  has  been  totally  sunk.  In  addition  to  that,  this 
company  has  faithfully  paid  the  obligations,  all  these  years,  at  the 
date  of  their  maturity,  so  that  they  have  j^aid  in  the  neighborhood  of 
82  .500  000,  more  as  a  contribution  on  the  part  of  your  corporation  to 
endeavor  to  build  up  the  commerce  of  this  port;  not  an  illiberal  con- 
tribution, and  one  which  has  given  the  managers  of  your  corporation 
some  anxiety  as  to  whether  it  was  right  or  jsroper;  but  right  or  not,  it 
is  all  gone." 

Similar  bad  results  are  becoming  observable  at  Montreal,  New 
Orleans  and  Portland,  Ore.,  while  Boston,  New  York  and  San  Fran- 
cisco, well  to  seaward,  are  wearing  no  funeral  colors,  and  plucky 
Galveston,  seaward  and  even  in  the  sea,  is  reviving,  and  shipping  its 
greatest  cargoes  to-day.  There  may  be  another  Philadelphia  exper- 
ience on  a  scale  of  hundreds  of  millions  instead  of  millions.  This  time 
a  rich  nation,  instead  of  a  rich  corjjoration,  will  be  asked  to  take  the 
risk  and  bear  the  loss. 

Thomas  Cuetis  Clarke,  Past-President,  Am.  Soc.  C.  E. — All  are 
agreed  upon  the  necessity  of  some  water  communication,  between 
Lake  Erie  and  New  York,  better  than  that  which  now  exists,  as  it  has 
shown  its  incapacity. 

Some  advocate  a  12-ft.  canal  to  pass  barges  which  they  hojse  could 
navigate  the  Lakes  and  avoid  transhipment.  The  speaker  formerly 
favored  this  plan,  as  he  then  believed  that  the  cost  of  a  deeper  canal 
would  be  i^rohibitory. 
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Mr.  Wisuer  has  ahowu  that  the  coist  of  a  canal  21    ft.  deep,  from  Mr.  Clarke. 
Lake   Erie   to    New    York,    through   the    Mohawk   Valley,    would   be 
S'200  000  000,  aud  l)y  way  of  the  St.  Lawrence  and  Lake  C'hamjjlain 
«15  000  000  less. 

He  considers  that  if  the  canal  were  made  deeper,  the  greater  inter- 
est on  its  cost  and  its  depreciation  would  exceed  the  saving  in  trans- 
portation. 

He  shows  that  a  21-ft.  canal  gives  economy  of  transportation  even 
after  adding  the  charges  for  interest  and  depreciation.  This  is  the 
first  time  that  this  statement  has  been  positively  made. 

The  writer  agrees  with  Mr.  Wisner  in  believing  that  the  sum  of 
3200  000  000  is  not  prohibitory — that  a  canal  for  the  largest  ocean  ves- 
sels will  never  be  made  on  account  of  its  enormous  cost- — and  that  his 
figures  of  cost  of  transportation  are  substantially  coi-rect. 

His  reasons  are  briefly  these:  Experience  has  shown  that  a  canal, 
requiring  transhipment  of  freight  at  each  end,  cannot  comjjete  with 
all-rail,  or  rail  and  lake  navigation. 

A  canal  12  ft.  deep  would  probably  pass  tows  of  barges  large  enough 
to  navigate  the  Lakes.  It  would,  however,  require  transhipment  at 
sea  iJorts,  and  could  not  compete  in  economy  wdth  a  canal  large  enough 
to  pass  Lake  and  ocean  vessels,  if  the  cost  of  such  a  canal  did  not  stand 
in  the  way. 

In  the  speaker's  opinion,  Mr.  Wisner  has  proved  that  its  cost  would 
not  be  great  enough  to  overbalance  its  economy  of  transi3ortation,  if 
made  21  ft.  deej). 

Can  steamers,  fit  to  navigate  the  Lakes  and  jiass  this  canal,  navi- 
gate the  ocean  economically  ? 

The  answer  is,  that  such  vessels,  or  even  smaller  ones,  have  done  so 
for  many  years.  What  is  to  jsrevent  a  tow  of  large  schooners  with  five  or 
six  masts  and  having  auxiliary  po  wer,  from  passing  through  such  a  canal  ? 
It  is  perfectly  true  that  larger  vessels,  such  as  those  running  between 
New  York  and  EuroiJean  ports,  woiild  show  greater  economy  on  the 
ocean,  but  not  in  artificial  waterways. 

It  is  believed  that  the  Champlain  Route  would  be  less  opposed  by 
vested  interests  than  the  Mohawk  Route,  as  the  destruction  of  prop- 
erty would  be  much  less. 

The  estimates  of  damages  are: 

By  Mohawk  Route $14  039  000 

"  Champlain  Route 6  259  000 

Private  capital  probably  would  not  invest  in  either  undertaking; 
nor  would  the  State  of  New  York  do  so  without  an  entire  change  of  its 
present  policy,  which  seems  unlikely. 

The  United  States — the  richest  power  in  the  world — can  easily 
afford  to  construct  this  line  of  communication.    It  is  necessarv  to  first 
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Mr.  Clarke,  get  a  congressional  majority  in  its  favor.     Some  years  ago  that  "would 
have  been  impossible.     Now,  it  seems  to  be  possible. 

The  City  of  Chicago,  after  having  expended  S34  000  000  on  her 
drainage  canal,  24  ft.  deep  and  large  enough  for  Lake  vessels,  has 
offered  it  to  the  General  Government  on  condition  that  the  same  scale 
of  navigation  shall  be  continued  to  the  Mississipj)i  River. 

L.  E.  Cooley,  M.  Am.  Soc.  C.  E. ,  in  a  paper  presented  to  The 
Western  Society  of  Engineers,  estimates  the  cost  of  a  20-ft.  waterway 
from  Chicago  to  St.  Louis,  360  miles  long,  at  not  over  ^140  000  000. 

The  problem  of  extending  the  same  depth  from  St.  Louis  to  the 
mouth  of  the  Mississippi,  some  1  100  to  1  200,  miles,  is  as  yet  unsolved. 

There  is  much  to  be  said  in  favor  of  the  plan  advanced  by  James 
A.  Seddon,  M.  Am.  Soc.  C.  E.  (described  in  a  paper  presented  to 
The  Western  Society  of  Engineers),  for  preventing  floods  and  main- 
taining depth  of  water  in  the  Lower  Mississippi  by  the  construction  of 
a  reservoir  system  formed  in  the  bottom  lands  between  the  river  and 
the  bluffs.  These  reservoirs  would  retain  flood  waters,  and  let  them 
out  during  seasons  of  low  water. 

Thorough  surveys  should  be  made  by  the  United  States  Government 
to  ascertain  the  facts.  Mr.  Seddon's  estimate — $50  000  000 — seems  to 
be  low. 

The  interesting  fact  is,  that  a  union  of  interests  between  the  west- 
em,  southwestern  and  eastern  States  can  now  possibly  be  brought 
about  to  construct  this  great  system  of  internal  navigation  from  New 
York  to  Chicago  and  thence  via  New  Orleans  to  the  Gulf  of  Mexico. 

The  proposed  Isthmian  Canal  is  a  vital  part  of  this  scheme.  If  that 
canal  alone  were  built  it  would  give  only  the  Atlantic  cities  and  New 
Orleans  a  short  line  to  the  Pacific,  and  the  Pacific  cities  one  to  the 
Atlantic.  If  the  entire  scheme  were  carried  out,  it  would  take  in  the 
whole  central  part  of  the  United  States. 

The  total  cost,  including  the  Isthmian  Canal,  would  jDrobably  not 
exceed  S600  000  000.  Some  years  ago  that  sum  would  have  shocked 
careful  financiers.  But  now  that  United  States  bonds  can  be  placed 
bearing  2%,  it  means  a  yearly  tax  of  §12  000  000,  or  about  16  cents  per 
head  of  the  population. 

The  United  States  has  now  become  a  World  power,  exporting  its 
agricultural  and  manufactured  j^roducts  and  coal,  iron  and  copper  to 
all  countries.  Its  imports  and  exports  have  increased  nearly  50%*  dur- 
ing the  last  six  years,  or  from  §1  710  000  000  to  §2  427  000  000.  The 
exports  alone  have  risen  from  :S921  000  000  to  nearly  §1  500  000  000. 
Such  an  increase  has  never  before  been  seen  in  the  history  of  the 
world. 

If  we  wish  to  jDreserve  this  enormous  trade,  in  the  face  of  the  sharper 
competition  which  must  inevitably  soon  take  place,  we  must  give  it 
the  least  expensive  routes  of  transportation.     The  railways  will  take 
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care  of  it   diiriufj;  the  season   of  closed   navigation;  during  tbe  open  Mr.  Clarke, 
months,  sneh  a  srhenie  as  has  been  outlined  is  necessary  to  enable  all 
of  our   States   to  reach  countries  on    both   the  Atlantic   and  Pacific 
Oceans  by  the  shortest  and  least  expensive  routes. 

Nature  has  already  done  much  to  create  this  vast  internal  navigation, 
and  we  would  be  lacking  in  energy  if  we  did  not  apply  from  our  sur- 
plus revenues  the  sum  necessary  to  complete  what  Nature  has  begun. 

When  this  is  done,  the  seat  of  the  world's  commercial  empire  will 
be  transferred  from  Europe  to  that  part  of  the  United  States  where 
grain,  coal,  iron  and  cojjper  lie  side  by  side,  controlled  by  the  most 
energetic  and  inventive  people  that  the  world  has  ever  seen. 

Edwakd  p.  North,  M.  Am.  Soc.  C.  E. — It  is  a  matter  for  cougratu-  Mr.  North. 
lation  that  members  of  this  Society  turn  from  considering  expert 
measiirements  of  quantities  to  questions  involving  large  additions  to 
the  service  and  convenience  of  mankind,  and  essay  to  direct  those 
large  sources  of  power  in  Nature — public  opinion  and  the  service  of 
capital — to  increasing  the  facilities  for  transportation  and  decreasing 
the  co3t  of  distribution  over  large  areas  of  this  country,  as  in  the  two 
admirable  papers  before  us. 

It  is  also  pleasing  to  notice  that  both  authors,  though  proceeding* 
by  different  routes,  reach  substantially  the  same  conclusions,  viz.,  that 
with  near-by  railroad  trains  carrying  2  400  tons  and  a  14-ft.  canal  par- 
allel to  it,  a  10-ft.  canal  may  influence  freight  charges,  but  can  neither 
control  such  charges,  direct  the  course  of  commerce,  nor  prevent  the 
present  system  of  discriminating  charges  against  production  and  con- 
sumption in  this  country  generally  and  the  commerce  and  industries 
of  the  City  of  New  York  in  particular.  And  any  money  invested  in 
procuring  such  inadequate  transportation  facilities  must  fail  to  return 
a  normal  reward. 

In  view,  however,  of  the  rapidly  expanding  trade  of  the  Great  Lakes, 
the  determination  to  make  their  governing  depth  24  ft.  and  the  proba- 
bility of  a  waterway  of  large  capacity  connecting  the  Lakes  with  the 
Gulf  of  Mexico,  doubts  may  be  felt  as  to  the  advisability  of  limiting 
to  21  ft.  the  depth  of  what  should  be  one  of  the  largest  channels  of 
distribution,  or  as  to  imposing  tolls  on  a  traffic  which  it  is  wished  to 
develop.  The  toll  jiroposed  is  not  large,  either  absolutely  or  in  rela- 
tion to  the  probable  value  of  the  goods  to  be  transported,  2  to  2^%  on 
the  value  of  the  goods  passing  The  Soo,  and  will  not  operate  as  does 
the  yearly  abstraction  of  ^15  090  000  or  ^16  000  000  from  the  resources 
of  those  trading  through  the  Suez  Canal;  a  most  onerous  impost  that 
must  in  part  account  for  a  tonnage  of  8  000  000  or  9  000  000  sufficing 
for  the  wants,  or  capacity,  of  1  100  000  000  people,  while  the  40  000  000 
served  by  our  lake  carriers  use  40  000  000  tons. 

But  to  some  extent  any  toll  decreases  traffic,  principally  by  prevent- 
ing or  hindering  the  production  and  marketing  of  low-valued  com- 
modities, also  by  diverting  travel  or  freights  to  other  routes.     The 
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Mr.  North,  marked  differences  in  the  develoiiment  of  freight  and  passenger  traflfics 
in  this  country  on  the  one  hand,  and  in  European  countries  on  the 
other,  seem  to  show  the  effect  of  high  and  low  charges  on  the  volume 
of  traffic.  Poor's  Manual  gives  very  full  statistics  of  the  traffic  on  all 
our  railroads,  commencing  with  1882.  From  these  data  Table  No.  7 
has  been  made,  exce^jting  in  the  columns  as  to  population,  which  for 
1899  has  been  taken  as  75  500  000. 

Here,  the  average  passenger  rate  is  persistently  high;  higher,  it  is 
thought,  than  in  other  countries.  The  freight  rate,  which  in  1882  was 
lower  than  in  any  other  country  and  about  half  the  passenger-mile 
rate,  is  now,  according  to  Mulhall,  less  than  half  the  freight  rates  in 
any  European  country,  and  36.3%"  of  the  passenger  rate.  As  a  conse- 
quence, the  passenger  mileage  has  increased  93.3%,  while  the  ton 
mileage  has  increased  223.1  per  cent.  In  Euroi^ean  countries,  on  the 
other  hand,  there  has  been  conservatism  in  the  matter  of  freight  rates; 
but,  through  zone  tariffs,  improvements  in  the  comforts  of  third-class 
carriages,  etc. ,  average  passenger  rates  have  been  materially  reduced, 
and  though  there  is  no  knowledge  of  such  full  statistics  as  those  for 
American  roads  it  is  thought  safe  to  say  that  the  passenger  traffic  has 
had  a  growth  apjiroximating  to  that  of  American  freights,  while  the 
freight  traffic  has  developed  on  lines  somewhat  parallel  with  the 
develojjment  of  passenger  movement  on  American  railroads. 

TABLE   No.  7. 
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It  may  be  claimed  that  the  figures  given  in  Table  No.  7  do  not 
fairly  present  the  relations  existing  between  our  freight  and  passenger 
traffics,  as  no  account  is  taken  of  the  influence  of  electric  railways 
paralleling  our  railroads,  and  the  decrease  in  passenger  traffic  since 
1894.  But  the  effort  of  continued  conservatism  in  upholding  passenger 
rates,  after  a  full  recognition  of  the  fact  that  a  reduction  would  develop 
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sut'b  large  accessions  to  the  traflBc  as  to  require  additional  accommo-  Mr.  North, 
datious,  is  exactly  the  point  for  which  attention  is  solicited.  By  this 
general  conservatism,  which  is  well  typified  by  the  story  of  the  New 
England  directorate  which  refused  its  commuters'  request  for  an 
additional  train  with  the  assertion  that  in  a  short  time  they  would 
crowd  it  as  uncomfortably  as  the  trains  they  then  had,  the  railroads 
of  this  country  possessing  a  right  of  way  with  much  if  not  all  of  the 
necessary  grading  and  track  laying  done,  and  its  passenger  department 
organized,  have  forced  their  patrons  into  the  expense  of  new  organi- 
zations, new  rights  of  way,  grading  and  track,  and  experiments  with 
an  undeveloped  motive  power,  that  the  circulation  of  passengers  on 
lines  parallel  to  their  tracks  might  not  be  unduly  curtailed  by  high 
rates  of  passage.  This  does  not,  it  is  submitted,  vitiate  the  deductions 
apparent  from  the  table.  Nor  does  the  fact  that  the  electric  roads  are 
likely  to  add  materially  to  the  convenience  and  wealth  of  the  country 
throw  doubt  on  the  inference  that  if  passenger  fares  had  been  reduced 
as  freight  rates  have,  the  passenger  mileage  would  have  kept  j^ace  with 
the  freight  mileage. 

The  comprehensive  and  valuable  system  of  statistics  inaugurated 
at  The  Soo  in  1887  and  continued  by  the  United  States  Engineers  since 
then,  statistics  which  have  done  so  much  to  strip  the  value  from  those 
conservative  predictions  which  vested  interests  will  always  call  expert 
and  authoritative,  show  that,  for  the  five  years  ending  with  1891, 
37  352  066  tons  of  freight  were  carried  for  U5  913  715,  or  $1.23  per  ton; 
and  for  the  five  years  ending  with  1899,  96  774  880  tons  of  freight  were 
carried  for  877  065  077,  or  $0,796  per  ton.  Here  a  fall  of  one-third,  in 
the  cost  of  transportation,  was  paralleled  by  an  increase  of  nearly  two 
and  two-thirds  times,  in  the  freight  transported.  Or,  to  use  another 
standard  of  measurement:  During  the  first  period  mentioned,  the 
freight  charges  on  cargoes  valued  at  .$12.73  per  ton  were  9. 66^  of  such 
values;  and  during  the  last  on  cargoes  valued  at  $11.23  per  ton,  the 
freight  charges  were  only  7.09  per  cent.     The  average  hauls  were,  for  » 

the  first  period  806  miles,  and  for  the  second  835  miles. 

A  case  somewhat  analogous  to  the  foregoing  was  mentioned  by  Mr. 
Vreeland,  President  of  the  Metropolitan  Surface  Railway  of  New  York 
City :  On  the  Madison  Avenue  line  the  time  of  a  trip  with  horses  was 
about  li  hours, and  the  road  carried  17  000  000  passengers.  On  the  intro- 
duction of  electricity  the  time  was  shortened  to  about  1  hour  and  the 
road  carried  50  000  000  jjassengers.  In  the  first  case  a  reduction  of 
one-third  in  the  cost  of  service  was  accompanied  by  an  increase  of 
freight  carried  by  two  and  two-thirds  times.  In  the  other,  a  reduction 
of  one-third  in  time  without  reduction  in  cost  of  passage  was  accom- 
panied by  an  equal  increase  in  the  number  of  passengers  carried. 

Unless  the  above-quoted  figures  are  inappropriate,  they  show  that 
if  we  are  to  have  the  full  encouragement  to  production  and  consump- 
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Mr.  North,  tion  due  to  a  waterway  convenient  for  the  exchanges  between  the 
40  000  000  tons  of  traffic  on  the  Great  Lakes  and  the  79  000  000  of 
entrances  and  clearances  at  the  Port  of  New  York,  as  now  estimated, 
the  traffic  should  pass  through  ample  channels  unvexed  by  toll  gates 
as  well  as  transfer  charges.  But  if  the  prospect  of  tolls  is  necessary 
to  induce  the  construction  of  the  canal,  they  should  be  imposed,  as 
there  would  still  be  left  a  large  margin  of  profit  in  comparison  with 
present  rates. 

It  may  be  well  at  this  place  to  recapitulate  the  work  done  and  the 
projects  brought  forward  for  cheapening  transportation  between  the 
Great  Lakes  and  the  harbor  of  Xew  York.  Commenced  in  1817  and 
completed  in  1825,  with  a  cross-section  of  136  sq.  ft.,  the  Erie  Canal 
added  so  much  to  the  wealth  of  the  State  that  it  was  determined  in 
1835  to  enlarge  its  cross-section  to  429  ft.,  an  increase  of  215  per  cent. 
This  enlargement  was  not  legally  completed  until  1862,  although  the 
increased  cross-section  was  available  for  traffic  some  years  before  that 
date.  The  law  authorizing  this  enlargement  prescribed  a  nearly  rigor- 
ous adherence  to  the  original  location.  In  1897,  work  was  commenced 
on  a  further  enlargement  to  562  ft.,  an  increase  of  23  per  cent.  Thi& 
was  to  be  accomjikshed  on  the  plan  advised  by  Horatio  Seymour,  M. 
Am.  Soc.  C.  E.,  then  State  Engineer,  by  deepening  the  j^rism  from  7 
to  9  ft.  An  appropriation  of  $9  000  000  was  made  for  this  purpose,, 
no  improvement  on  the  original  location  being  contemplated.  In  the 
summer  of  1898,  the  appropriation  being  exhausted,  work  was  sus- 
pended, the  State  Engineer  estimating  that  it  would  cost  $4  800  000 
to  finish  the  improvement  of  the  Erie,  Oswego  and  Champlain  Canals. 
Work  has  not  been  resumed. 

Tolls,  which  in  their  aggregate  are  greater  than  all  the  expenditures 
on  the  canals  of  the  State  uj?  to  the  present  time,  excepting  for  interest,, 
were  collected  on  local  and  through  freights  until  1882. 

In  1884,  Elnathan  Sweet,  M.  Am.  Soc.  C.  E.,  State  Engineer  of  New 
York,  read  a  paper  before  this  Society  advocating  the  enlargement  and 
relocation  of  the  Erie  Canal  so  that  it  should  pass  the  largest  lake 
vessels  and  be  fed  for  its  entire  length  from  Lake  Erie. 

In  conformity  with  a  law  of  March  2d,  1895,  a  mixed  commission,, 
consisting  of  three  citizens  of  the  United  States  and  three  of  Canada, 
reported  in  January,  1897,  recommending,  as  was  thought  probable,, 
surveys  of  two  routes,  both  through  Lake  Ontario,  onevtathe  St.  Law- 
rence and  Lake  Champlain,  the  other  through  Oneida  Lake  and  the 
Mohawk  Valley. 

An  appropriation  bill  of  1897  provided  for  the  aj^pointment  of  a 
board  of  three  engineers  known  as  the  Board  of  Engineers  on  Deep 
Waterways,  to  make  surveys,  examinations  and  estimates  for  a  deep 
waterway  between  the  Great  Lakes  and  the  Atlantic  tide-waters. 
This  board  was  confined  in  its  power  to  making  surveys,  etc.,  on  the 
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roiites   recommentled    by   the   Deep  Waterways  Commission,  which  Mr.  Nortn. 
reported  in  January  of  that  year.     This  report  has  not  yet  been  given 
to  the  pnblic,  but  some  of  its  conclusions  are  given  in  the  paper  by 
Mr.  Wisner,  who  was  a  member  of  this  Vioard. 

In  1897,  under  requirement  of  the  River  and  Harbor  Act  of  1896, 
directing  the  Secretary  of  War  "to  cause  to  be  made  accurate  exam- 
inations and  estimates  of  cost  of  construction  of  a  ship  canal  by  the 
most  practicable  route,  wholly  within  the  United  States,  from  the 
Great  Lakes  to  the  navigable  waters  of  the  Hudson  River,  of  sufficient 
capacity  to  transport  the  tonnage  of  the  Lakes  to  the  sea,"  Major 
Thomas  W.  Symons,  M.  Am.  Soc.  C.  E.,  rejjorted  on  what  he  calls 
"the  broader  view  of  the  subject,"  recommending  a  ship  canal 
through  Lake  Ontario,  water  which  is  owned  in  common  by  this 
country  and  Great  Britain.  That  on  completion  of  the  Seymour  plan, 
and  the  removal  of  restrictions  as  to  capital  of  companies  operating 
on  the  canal,  the  Erie  Canal  would  "give  commercial  advantages 
practically  equal  to  the  commercial  advantages  which  would  be  given 
by  a  ship  canal."  That  a  barge  canal,  with  a  cross-section  of  1  208  sq. 
ft.,  "  will  enable  freight  to  be  transported  between  the  East  and  West 
at  a  lower  rate  than  could  a  ship  canal  (cross-section  4176  ft.)  navi- 
gated by  large  lake  or  ocean  vessels." 

Actuated,  possibly,  by  the  political  uses  made  of  the  failure  of  a 
popular  estimate  of  cost  to  complete  the  enlargement  provided  for  in 
"the  39  000  000  act,"  the  Governor  of  this  State  asked  five  eminent 
engineers  and  business  men  in  connection  with  the  State  Engineer 
and  State  Superintendent  of  Public  Works  to  form  themselves  into  a 
"Committee  on  the  Canals  of  Xew  York  State."  This  committee 
reported,  in  January,  1900:  That  the  canals  should  not  be  abandoned: 

"  That  the  project  of  a  ship  canal  to  enable  vessels  to  pass  from  the 
Upper  Lakes  to  New  York  City  (or  beyond)  without  breaking  bulk  is  a 
proper  consideration  for  the  Federal  Government,  but  not  by  the 
State  of  New  York." 

They  also  recommended  a  modification  of  Major  Symons'  barge 
canal,  cutting  down  the  maximum  size  of  the  boat  usable  from  200  X 
30  X  10  ft.  to  150  X  25  X  10  ft.,  thus  reducing  the  capacity  from  1  500 
to  1  000  tons.  This,  by  some  unexplained  mistake,  is  characterized  as 
enlarging  the  waterway  of  the  State  of  New  Y'ork  to  its  "utmost 
limit.  ' 

In  the  spirit  of  this  report,  a  law  appropriating  .$200  000  for  a 
survey  for  a  canal  of  the  recommended  size  was  passed  in  the  spring 
of  1900,  limiting  the  survey  to  "the  present  route  of  said  canal," 
excepting  some  minor  changes  between  Butialo  and  Syracuse.  This 
estimate  is  expected  in  January,  1901. 

Lastly,  "  The  New  York  Commerce  Commission,"  consisting  of  five 
eminent  citizens,  appointed  in  1898,  made  a  report  in  January,  1900, 
setting  forth,  among  other  conclusions: 
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•Mr.  North.  "  The  decline  in  New  York's  commerce  has  been  steady  and  con- 
tinuous for  many  years;  it  has  been  more  pronounced  during  recent 
years,  and  has  now  reached  serious  proportions  in  actual  loss  of 
exports." 

"  The  loss  to  New  York  is  due  in  great  measure  to  a  discrimination 
against  New  York  in  railroad  rates  imposed  by  an  agreement,  known 
as  the  differential  agreement,  between  the  trunk-line  railroads  of  the 
American  Atlantic  sea  jiorts,  including  the  New  York  railroads." 

"The  differential  rate  applies,  not  only  on  products  destined  for 
export,  but  also  destined  for  local  consumption  by  the  people  of  New 
York  City." 

' '  The  State  has  it  within  its  power,  through  an  adequate  improve- 
ment of  the  Erie  Canal,  not  only  to  apjjly  the  remedy  that  will  secure 
it  against  further  loss  of  its  commerce,  but  will  secure  to  it,  as  well, 
the  restoration  of  that  which  has  already  been  diverted." 

The  commission  recommended  the  completion  of  the  current 
enlargement,  with  a  cross-section  of  562  sq.  ft.,  as  adequate,  acquiring^ 
additional  terminal  grounds  and  piers,  and  that  certain  laws  be 
amended,  i^articularly  as  to  elevating  grain. 

This  arrangement  between  the  trunk  lines  reaching  the  Atlantic 
seaboard,  giving  differential  rates  on  grain,  both  for  domestic  con- 
sumption and  for  export,  is,  in  the  aggregate,  a  serious  injury  to  our 
farmers.  The  cheapest  route  for  export  grain  via  Atlantic  ports  i& 
through  New  York,  but,  in  favor  of  other  roads  and  other  cities,  grain, 
for  New  York  has  been  for  years  penalized  with  a  differential  that 
amounted  to  1.8  cents  per  bushel  on  wheat  and  1.68  cents  on  corn; 
this  has  been  lately  reduced  to  0.9  cent.  During  the  five  years  ending 
with  1899,  the  average  of  the  average  rates  charged  on  wheat,  Chicago- 
to  Buffalo,  as  returned  by  the  Merchants'  Exchange  of  Buffalo,  ha& 
been  1.82  cents. 

Of  course,  it  is  perfectly  competent  for  a  committee  of  the  New  York 
Chamber  of  Commerce  "  to  look  with  complacency,  if  not  with  actual 
pleasure  "  on  the  consequent  diversion  of  grain  exports  to  other  ports; 
But  is  the  man  who  grows  the  grain,  which  is  burdened  in  any  case 
with  a  relatively  high  cost  of  transportation,  to  look  with  any  approxi- 
mation to  pleasure  on  a  practice  which  puts  an  additional  charge  on 
his  produce?  As  the  committee  says:  "An  adequate  improvement  of 
the  Erie  Canal,"  will  apply  the  remedy.  Their  opinion,  however,  as  to 
what  is  adequate,  is  even  more  restricted  than  that  of  the  Committee 
on  Canals  of  New  York  State. 

It  will  be  noticed  that  though  sixteen  sessions  of  the  State  Legis- 
lature have  been  held  since  Mr.  Sweet  read  his  able  paper  before  this 
Society,  advocating  a  radical  enlargement  of  the  Erie  Canal,  and  twO' 
commissions  have  been  apjDointed  by  as  many  presidents,  some  influ- 
ence has  seen  to  it  that  no  survey  has  been  made  for  a  ship  canal  which 
woitld  not  be  of  greater  use  to  Canada  than  to  the  United  States. 
And  it  is  possible  to  assert  that  a  route  through  the  richest  and  at  one 
time  the  most  prosperous  section  of  this  State  "is  not  available  for  a. 
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ship  caual,"  although  uo  oue  can  show  auy  reason  that  on  a  judicious  Mr.  North. 
location   a  canal  of  large  cross-section  should   cost   more  per   mile 
between  Buffalo  and  Oneida   Lake  than   between  that  lake  and  the 
Hudson  Kiver. 

Agreeing  fully  with  Mr.  Wisnerthat:  "The dimensions  which  should 
be  given  to  a  waterway  between  the  Lakes  and  the  Atlantic  depends 
upon  the  economic  depth  which  can  be  obtained  and  maintained  in 
the  water  routes  to  be  connected,"  and  accepting  his  estimate  that  the 
interest  and  fixed  charges  for  an  increased  depth  in  the  Lakes  from 
21  to  30  ft.  would  amount  to  an  annual  charge  of  S2  205  000,  or  5.51 
cents  i^er  ton  on  the  traffic  now  passing  Detroit,  but  taking  exception 
to  his  declaration:  "  The  actual  saving  in  the  cost  of  transportation 
on  the  Lakes  by  using  deeper  draft  vessels  is  only  about  one -half  the 
above  estimated  fixed  charges,"  and  differing  from  the  deduction,  "the 
interest  and  maintenance  account  will  exceed  any  expected  returns 
from  lower  transportation  rates;"  reference  is  made  to  the  previously 
mentioned  valuable  statistics  of  the  traffic  at  The  Soo. 

Although,  as  set  forth  in  the  Report  of  the  Committee  on  Canals  of 
New  York  State,  previously  referred  to,  the  railroads  were  able  to 
partially  starve  the  Lake  marine  when  there  was  a  depth  of  only  Hi  ft. 
on  the  miter  sills  of  the  locks  at  The  Soo  ;  the  traffic  through  that 
waterway  since  the  opening  of  the  Weitzel,  or  16-ft.,  lock  in  1881, 
has  been  phenomenal.  Opened  in  1855  to  a  traffic  of  106  296  tons,  its 
traffic  for  1881  was  only  2  092  757  tons,  but  in  1895,  the  year  the 
Canadian,  or  20-ft.,  lock  was  opened,  it  had  increased  to  16  806  781 
tons.  In  1899,  21  956  347  net  registered  tons  of  shipping  passed 
through  the  locks  at  The  Soo,  carrying  25  255  816  net  tons  of  freight 
valued  at  .^281  364  750.  This  freight  was  carried  an  average  distance 
of  827  miles  for  ^21  959  707,  or  at  the  rate  of  1.05  mills  per  ton-mile, 
which  is  about  13/o  higher  than  the  average  cost  for  the  three  pre- 
ceding years. 

During  the  thirteen  years  for  which  we  have  returns  covering  the 
tons  and  value  of  freight,  the  distance  carried  and  the  cost  of  carriage, 
as  well  as  the  registered  tonnage,  the  cost  per  ton-mile  has  decreased 
from  2.30  mills  in  1887,  when  5  494  649  tons  were  carried,  to  1  05  mills 
in  1899,  when  25  255  810  tons  were  carried.  This  is  a  decrease  con- 
ciirrent  with  the  deepening  of  the  Lake  channels,  and  largely  depend- 
ent on  such  deepening,  and  justifies  the  prediction  the  president  of 
the  Great  Northern  Eailroad  made  while  discussing  the  project  of 
General  O.  M.  Poe,  M.  Am.  Soc.  C.  E.,  for  a  21-ft.  channel:  That  it 
"would  cut  the  Lake  freight  rates  in  two. 

Mr.  Wisner  estimates  the  annual  charge  to  the  40  000  000  tons 
passing  through  the  Detroit  River,  due  to  deepening  the  Lake  channels 
and  harbors  to  30  ft.  as  5.51  cents  per  ton.  If  the  length  of  haul  by 
Detroit  is  equal  to  that  through  The  Soo,  827  miles,  the  cost  of  deepen- 
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Mr.  North,  ing  tlie  Lake  channels  and  harbors  will  be  0.076  mill  per  ton-mile. 
This  would  set  the  cost  of  transportation  back  to  about  the  average  of 
1892  and  1893,  if  there  was  neither  reduction  in  freight  charges  due 
to  the  larger  channels  nor  increased  production  of  freight  to  be  trans- 
ported. Neither  of  these  suppositions  is  possible.  The  increased 
charge  of  5.51  cents  per  ton  would  be  divided  by  80  000  000  within  a 
few  years  after  the  deepening  was  effected,  and  while  the  larger  car- 
riers might  not  again  cut  freight  rates  in  two,  they  could  be  expected 
to  cut  off  about  one-third  of  the  present  rates,  leaving  an  average 
freight  rate  of  0.6  mill  per  ton-mile.  This  does  not  seem  an  unprofit- 
able rate,  in  view  of  the  volume  and  steadiness  of  the  traffic  and  the 
average  sea  rates. 

The  assumption,  that  the  traffic  passing  Detroit  soon  after,  if  not 
with,  the  earliest  possible  completion  of  30-ft.  channels  and  harbors 
will  be  80  000  000  tons,  is  not  thought  too  large  for  realization,  as  the 
traffic  for  some  time,  as  shown  by  Mr.  Mayer,  has  been  doubling  every 
six  years,  and  the  Chief  of  Engineers  is  reporting  to  Congress  that 
prompt  action  in  doubling  the  capacity  of  the  St.  Clair  Flats  Canal  is 
necessary  and  imiiortantto  the  safety  and  convenience  of  the  vast  com- 
merce of  the  Great  Lakes.  And  deepening  the  channel  to  23  ft.  has 
already  been  commenced  in  the  St.  Mary's  Kiver. 

Proposals  have  been  made  that  the  Erie  Canal  should  be  given  to 
some  railroad  as  a  right  of  way,  and  numerous  other  schemes  have  been 
proposed  like  "the  S9  000  000  plan,"  to  impose  a  general  hardship 
to  the  financial  advantage  of  a  few  transhippers  at  Buffalo  and  New 
York.  And  lastly,  we  have  the  project  to  be  submitted  to  the  next 
Legislature  of  New  York  State  to  abrogate  the  necessity  of  tranship- 
ment at  Buffalo  by  imposing  a  high  rate  of  freight  on  the  Lakes.  The 
possibility  of  this  perspective,  however,  has  doubt  cast  ujjon  it  by  the 
vociferous  demands  of  "  the  friends  of  the  canal,"  that  large  expendi- 
tures shall  be  made  at  both  the  Lake  and  Atlantic  termini,  that  freight 
may  be  transferred  more  conveniently.  All  of  these  plans  oppose 
the  interests  of  both  producers  and  consumers. 

It  is  to  the  advantage  of  the  City  of  New  York  and  the  New  Jersey 
cities  on  the  bay  that  this  improvement  should  be  so  ample  and  com- 
modious that  no  better  or  cheaper  route  between  the  interior  of  the 
country  and  the  seaboard  can  be  reasonably  expected. 

It  is  to  the  advantage  of  the  State  of  New  York  that  the  canal  should 
pass  through  the  State  and  should  be  so  large  that  the  factory  sites 
along  its  banks  may  have  all  the  facilities  for  manufacturing  offered  by 
low  freight  rates,  without  transhipment,  that  the  cities  on  the  Lake 
front  now  have. 

It  is  to  the  advantage  of  those  living  in  the  country  to  the  west  of 
this  canal  that  it  should  be  so  located  as  to  build  up  centers  of  pro- 
duction and  consumption  as  near  to  them  as  i^racticable,  and  that  its 
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•capacity  for   speeily  ami   economic   traffic  should  give  the   greatest  Mr.  North, 
possible  encouragement  to  marketing  those  low-cost  products  which 
cannot   stand  railroad  charges;  as  well  as  reducing  the   cost  of  all 
freight  transi)ortation,  that  the  producer  and  consumer  may  have  more 
to  divide  between  them. 

It  is  also  to  the  advantage  of  the  whole  country  that  many  water- 
ways should  be  constructed  or  developed,  that  their  control  over  rail- 
road freight  rates,  as  described  twenty  years  ago  by  the  late  Albert 
Fink,  Past-President  of  this  Society,  may  be  maintained  and  increased. 

It  is  fortunate  that  the  Hudson  River  carries  a  depth  of  30  ft., 
excepting  at  a  few  unimportant  jjoints,  nearly  to  Coxsackie.*  This 
leaves  only  about  375  miles,  out  of  approximately  1  500,  to  be  improved. 
With  an  economic  depth  of  30  ft.  obtained  in  the  Great  Lakes,  there 
seems  to  be  no  doubt  that  the  channels  connecting  their  commerce 
with  our  cities  on  the  Atlantic  coast  and  with  the  water  front  of  the 
whole  world  should  have  an  equal  depth. 

As  no  sux'vey  has  been  made  for  a  ship  canal  between  Lockport  and 
Syracuse,  an  approximate  estimate  of  cost  may  be  made  by  adding  SO^"-^ 
to  the  estimate  of  the  Board  of  Engineers  on  Deep  Waterways  for  the 
low-level,  Oswego-Mohawk  30-lt.  plan  from  Duluth  to  New  York, 
given  in  Table  No.  2,  viz. ,  ^317  284  348,  as  covering  the  increased  cost  of 
building  the  canal  wholly  within  the  United  States,  and  a  further  addi- 
tion of  $36  000  000,  the  estimated  cost  of  improving  the  Lake  harbors. 
The  aggregate,  §512  000  000,  at  3"o  interest,  and  0.55*0  maintenance, 
would  give  an  annual  charge  of  !B17  920  000.  This  sum  would  be 
directly  repaid  to  the  country  by  a  saving  of  0.27  mill  per  ton-mile 
on  80  000  000  tons  carried  an  average  distance  of  82'^  miles. 

The  sum  of  0. 27  mill  per  ton-mile  necessary  to  be  saved  on  the  esti- 
mated Lake  traffic,  when  the  channels  from  Duluth  to  New  York 
are  deepened  to  30  ft.,  to  directly  recoup  the  country  for  the  total 
expenditiire  would  be  reduced  by  the  additional  haul  of  500  miles  on 
all  freight  either  destined  to  or  originating  in  the  Port  of  New  York 
or  beyond  it.  There  would  also  be  a  further  reduction  due  to  elimin- 
ating the  cost  of  transhipment  at  Buffalo,  which  Major  Symons  puts 
in  his  report  as  27.1  cents  per  ton  for  package  freight.  These  direct 
savings  can  be  partly  estimated,  but  the  indirect  saving  due  to  the 
absence  of  delay  and  damage  inseparable  from  transhipment  cannot 
be  computed  with  accuracy. 

In  estimating  the  amount  of  traffic  attracted  to  a  30-ft.  canal  of 
sufficient  cross-section,  notice  should  be  taken  of  the  facts  that  there  is 
no  other  j^eople  able  to  em^jloy  a  ton-mileage  equal  to  ours.  The  traffic 
passing  Detroit  is  larger  than  any  other  water-borne  traffic  through  one 
channel  and  is  growing  rajjidly.  The  entrances  and  clearances  at  the 
Port  of  New  York  are  more  than  twice  those  of  any  other  seaboard  port. 

*  From  there  to  Troy  the  State  and  General  Governments  have  increased  the  depth 
from  4  to  nominally  la  ft. 


266        DISCUSSIOX:  CANALS  FROM  THE  LAKES  TO  NEW  YORK. 

Mr.  North.  The  traffic  of  this  port  has  for  some  time  been  estimated  at  70  000  000 
tons.  E.  L.  Corthell,  M.  Am.  Soc.  C.  E. ,  after  careful  research,  pre- 
paratory to  presenting  a  paper,  "  The  Harbors  of  the  "World,"  to  the 
Ynith  Congress  on  Navigation,  held  at  Paris  in  1900,  states  that  the 
total  entrances  and  clearances  at  this  port  are  79  544  653  tons.  This 
tonnage  he  divides  as  follows: 

In  the  interior  trade 25  093  000  tons. 

"      coastwise 39  250  000     " 

"       foreign* 15  201653      " 

As  a  matter  of  comparison,  the  entrances  and  clearances  are: 

For  Liverpool 25  093  000  tons. 

"    London 30  215  000     " 

It  will  be  noticed  that  less  than  20%"  of  the  tonnage  of  this  port  is 
engaged  in  foreign  trade,  and  the  aggregate  tonnage  of  Liverpool  and 
London,  foreign  and  domestic,  is  16%  less  than  the  domestic  tonnage 
of  this  port. 

Some  nine  years  ago  a  board  of  engineer  officers  on  the  improvement 
of  the  Hudson  River  reported  that  the  traffic  of  this  stream  was 
18  500  000  tons,  3  500  000  of  which  were  contributed  by  the  State 
canals.  Although  it  may  seem  incredible,  it  is  a  fact  that  many  of  the 
best  thinkers  to  be  found  in  the  City  of  New  York  ojjpose  materially  in- 
creasing this  contribution  of  the  canals  to  the  tonnage  of  their  port,  on 
the  plea  that  the  grain-handlers  here  and  in  Buffalo  will  be  deprived 
of  their  opportunity  to  jienalize  production  in  the  Northwest  by  exor- 
bitant transfer  charges  on  grain  for  export. 

The  pojiulation  and  wealth  of  the  Port  of  New  York  is  not  dependent 
on  its  exports.  Its  unique  natural  position,  making  it  the  largest 
"  port  of  call  "  in  the  world,  is  due  to  its  having  two  large  waterways 
back  of  it,  viz.,  the  Hudson  and  East  Rivers.  Adding  to  its  natural 
advantages,  the  construction  of  the  Erie  Canal  forced  all  railroad 
terminals  to  concentrate  here,  making  its  position  the  best  in  the 
world  for  manufacturing;  for  here  raw  jjroducts  for  manufacture  can  be 
assembled,  and,  the  finished  materials  distributed  to  consumers  at  less 
cost  than  elsewhere,  and,  both  in  value  of  merchandise  produced  and 
in  amount  of  wages  paid,  it  is  peerless.  The  present  census  will 
probably  show  that  the  wages  paid  in  manufacturing  industries  in 
the  cities  and  towns  on  the  Bay  of  New  Y'^ork  are  nearly  equal  to  the 
value  of  exports  from  the  Port,  and  provision  for  traffic  through  the 
proposed  canal  that  neglects  the  demand  of  New  Y'^ork  and  the  cities 
ancillary  to  it  on  the  Atlantic  coast  will  fail  in  economic  value,  not 
only  to  the  Atlantic  front  of  our  country,  but  to  the  interior. 

No  estimate  of  the  freight  entering  and  leaving  the  canal  should 

*  A  writer  in  the  Forum,  December,  1900.  states  that  the  total  entrances  and 
clearances  at  the  ports  of  the  United  Kingdom  for  1899  were  209  348  081  tons.  Of  this,. 
97  782  887  tons  were  entered  and  cleared  in  the  foreign  trade. 
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neglect  the  manufacturing  potentialities  presented  by  the  banks  of  Mr.  North, 
the  proposed  waterway,  which  for  nearly  its  whole  length  would  offer 
factory  sites  with  water  and  rail  communication.  The  present  status 
of  manufacturing  enterprises  in  the  canal  towns  and  cities  is  pathetic. 
From  the  inception  of  work  on  the  Erie  Canal  until  forty  or  fifty 
years  ago  this  region  offered  higher  rewards  to  ambition  than  any 
other  locality,  enjoying  the  cheapest  and  most  convenient  transpoi'ta- 
tion  facilities.  Since  the  Erie  Canal  lost  its  pre-eminence  as  a  carrier, 
throTigh  the  development  of  railroads,  while  it  remained  unimproved, 
and  rates  in  discrimination  against  short  hauls  have  been  imposed, 
the  advantages  offered  by  cheap  transportation  to  other  localities  have 
worked  injury  to  the  interests  of  the  center  of  the  State. 

This  fact  has  been  recognized  as  to  agricultural  lands  for  some 
time.  The  twelfth  census  shows  that  in  seven  cities  of  25  000  or  more 
inhabitants  in  the  center  of  the  State,  viz.,  Troy,  Albany,  Schenectady, 
Utica,  Syracuse,  Rochester  and  Auburn,  all  the  cities  of  that  class  in 
the  interior  of  the  State,  the  rate  of  increase  since  1880  has  not  been 
quite  52%",  one  city  showing  an  absolute  loss.  The  City  of  New  York, 
with  the  dependent  cities  in  this  class,  Jersey  City,  Newark,  etc., 
show  a  gain  of  81%;  while  the  twelve  cities  on  the  Great  Lakes, 
which  have  over  25  000  each,  show  a  gain  for  the  twenty  years  of  168.5 
per  cent.  So  low  have  our  canal  towns  fallen  in  the  estimation  of 
some  that  they  regard  any  attempt  to  relight  the  fires  in  their 
abandoned  factories,  or  rebuild  their  ruined  smelting  furnaces  as  an 
attack  on  some  inexorable  law. 

It  is  not  proposed  at  this  time  to  labor  with  the  education  of  those 
who  have  been  taught  that  production  at  one  locality  is  always  at  the 
expense  of  another,  and  that  the  relative,  to  absolute,  decline  in 
value  and  population  of  the  country  along  the  line  of  the  Erie  Canal 
has  aided  the  development  of  either  the  City  of  New  York  or  the 
cities  on  the  Great  Lakes,  but  simply  to  assert  the  conviction  that  if 
the  center  of  this  State  had  continued  the  rate  of  development 
attained  in  the  early  canal  period,  both  the  lake  front  cities  and  New 
York  would  offer  even  higher  jsrizes  to  ambition  than  under  present 
conditions. 

About  two-thirds  of  the  coal  produced  in  Pennsylvania  is  mined 
east  of  the  line  of  equal  distances  between  Cleveland  and  the  head  of 
Seneca  Lake.  This  should  give  shipi^ing  joorts  at  the  heads  of 
Cayuga  and  Seneca  Lakes  the  control  of  the  anthracite  trade  of  the 
upper  Lakes,  the  control  of  all  coal  shipments  to  Lake  Ontario  and 
the  upper  St.  Lawrence,  and  allow  these  ports  to  mediate  effectively 
in  the  coal  trade  of  the  Atlantic  coast. 

The  important  influence  of  this  proximity  of  coal  on  the  manu- 
facturing potentiality  of  this  State,  when  combined  with  cheap  and 
ample  transportation,  and  particularly  to  that  jjortion  of  the  State 
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Mr.  North,  -vrliicli  has  been  so  carefully  excluded  from  all  plans  for  a  ship  canal 
cannot  easily  be  overestimated.  Over  50%"  of  the  tonnage  on  the 
canal  at  present  is  local,  and  under  improved  conditions  it  is  possible, 
if  not  probable,  that  the  same  proportion  of  any  traffic  will  be 
stopped  either  for  consumption  or  to  be  reshipped  with  advanced 
value  from  manufacture. 

At  a  deep  waterways  convention  it  was  asserted  by  the  President 
of  the  Lake  Carriers'  Association  that  two-thirds  of  the  freight  passing 
Detroit  was  on  its  way  to  be  advanced  in  value  by  manufacture.  If 
we  can  expect  80  000  000  tons  to  pass  Detroit  by  the  time  Lake  chan- 
nels and  the  Erie  Canal  could  be  deejjened  to  30  ft.,  and  that  the 
tendency  to  advanced  manufacture  on  the  Lakes  is  offset  by  the 
increased  production  of  low-value  goods  due  to  cheaper  freight  rates, 
the  average  value  per  ton  remaining  as  in  the  past,  S11.14:,  the  aggre- 
gate value  transported  will  be  S891  000  000.  So  moderate  an  assump- 
tion as  that  the  two-thirds  to  be  manufactured  would  be  doubled  in 
value  by  that  process  gives  an  ultimate  value  of  $1  188  000  000  for 
the  portion  under  consideration.  If  65^  of  the  increased  value  went 
to  labor,  it  would  employ  772  000  men  at  $500  a  year;  this  would,  as 
usually  computed,  support  a  population  of  over  3  500  000. 

If  one-third  of  the  advance  in  value  to  Lake  freightage  by  manu- 
facture was  given  along  the  canal  and  in  the  City  of  New  York,  an 
addition  of  1  200  000,  or  17^  to  the  population  of  the  State  would 
ensue,  and  to  that  extent  would  increase  the  local  markets  of  our 
farmers.  As  the  average  capital  of  the  inhabitants  of  this  State  will 
probably  be  shown  by  the  present  census  to  equal  $1  250,  such  an 
addition  to  our  population  would  increase  the  wealth  of  the  State  by 
^1  500  000  000.  If  the  foregoing  figures  are  approximately  correct,  the 
opinion  that  a  ship  canal  should  not  "  receive  any  serious  considera- 
tion from  the  State  of  New  York  "  might  be  sufficiently  revised  to 
permit  further  examination  of  the  subject. 

It  is  difficult  to  make  an  estimate  that  will  be  satisfactory  to  all, 
covering  the  proportion  of  Lake  commerce  which  will  enter  a  canal  of 
sufficient  cross-section:  to  be  retained  for  consumption  or  manufacture 
in  the  State  of  New  York,  to  be  distributed  to  points  in  Pennsyl- 
vania and  Lower  Canada,  or  along  the  Atlantic  coast,  and  to  be 
exported.  The  City  of  New  York  and  its  environs  could  easily  furnish 
cajjital  and  labor  to  absorb  any  possible  increase  of  raw  material 
offered  for  manufacture.  The  superior  advantages  presented  by  both 
banks  of  the  enlarged  canal  from  Buffalo  to  Albany  would  possibly 
give  it  a  larger  percentage  of  the  total  traffic  than  the  present  canal 
does,  viz.,  53  i^er  cent.  And  the  fact  that  80%  of  the  entrances  and 
clearances  at  the  port  of  New  York  are  in  the  domestic  trade,  may 
justify  an  expectation  that  about  half  of  the  Lake  freightage  would 
enter  or  pass  through  the  canal. 
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Althoufijh  all  sorts  of  statements  have  been  made  asserting  the  Mr.  North, 
nusuitableuess  of  vessels  with  a  draft  of  8  ft.  and  more,  even  in 
deepened  lake  channels,  no  one  is  known  to  have  had  the  temerity 
to  put  a  limit  on  the  growth  of  the  Lake  traffic,  and  it  would  evidently 
be  unwise  to  construct  a  canal  too  small  to  carry  a  traffic  of  less  than 
40  000  000  tons  with  the  economy  dependent  on  speed  and  convenience. 
An  approximate  estimate  of  the  cost  of  such  a  canal,  without  ref- 
I'reuce  to  deepening  the  Lake  channels,  may  be  made  by  subtracting 
Mr.  Wisner's  S'27  000  000,  the  cost  of  deei^ening  the  Lake  channels, 
from  the  before-used  S317  284  348,  and  adding  50^  for  building  the 
canal  through  the  United  States.  At  3%  interest  and  0.5",,  mainten- 
ance, the  annual  charge  would  be,  say,  §15  250  000. 

If  a  jjrobable  ton-mile  rate  of  0.8  mill  is  accepted  as  fair  for  Lake 
freights — and  for  1898  the  average  rate  was  0.79  mill — and  a  retardation 
of  50)'o'  for  the  entire  distance  of  500  miles  between  Buffalo  and  New 
York  is  assumed,  the  fi-eight  charge  should  be  60  cents  per  ton. 

If,  on  the  other  hand,  a  railroad  rate  of  3  mills  per  ton-mile  for  the 
440  miles  between  Buffalo  and  New  York  is  taken,  the  cost  will  be 
61.32,  making  a  difference  of  72  cents  per  ton.  At  this  rate,  the 
transit  of  less  than  22  000  OOO  tons  would  be  required  to  directly  j^ay 
the  country  for  the  expenditure.  This  amount  is  less  than  the  average 
freight  through  the  Soo  for  the  three  years  ending  with  1899.  Obvi- 
ously, to  contend  that,  neglecting  entirely  all  incidental  benefits,  there 
could  be  any  loss  to  the  country  by  constructing  a  30-ft.  canal  through 
the  State,  it  is  necessary  to  show  that  either  the  estimate  of  cost  is 
too  low  or  an  insufficient  allowance  for  retardation  has  been  made. 

As  the  decisive  element  in  this  discussion  hinges  on  the  relation 
between  the  possible  cost  of  a  deei>  waterway  from  Chicago  and 
Duluth  to  the  Port  of  New  York,  and  the  probable  saving  in  the  cost 
of  transporting  the  immense  volume  of  freightage  to  be  developed  by 
the  improved  waterway,  indulgence  is  asked  for  the  presentation  of 
another  jjostulate:  If  it  is  thought  that  the  previous  estimate  should 
be  doubled  to  cover  all  contingencies,  instead  of  having  50^  added 
as  before,  the  annual  charge  would  become  822  190  000.  Assuming 
that  the  expected  80  000  OUO  tons  on  the  Lakes  were  carried  the  present 
average  distance  at  a  saving  of  0.25  mill  per  ton-mile,  it  would  leave 
S5  650  000  to  be  earned  on  the  canal.  If  there  was  no  larger  saving 
per  ton  carried  in  the  canal  than  the  cost  of  transferring  package 
freight  at  Buffalo,  viz.,  27.1  cents  per  ton,  as  mentioned  by  Major 
Symons,  it  would  require  only  21  000  000  tons  to  pass  through  the  im- 
jjroved  canal  to  repay  the  country  the  interest  and  maintenance  on 
the  entire  outlay. 

The  above-estimated  cost  is  supposed  to  be  greatly  in  excess  of  any 
necessary  expenditure,  and,  in  view  of  the  fact  that  the  Government 

Vo 


270        DISCUSSION":  canals  from  the  lakes  to  new  YORK. 

Mr.  North,  maintenance  will  be  thought  sufficient.  Deepening  the  Lake  channels 
from  16  to  21  ft.,  and  enlarging  the  locks,  has  resulted  in  reducing 
freight  rates  from  2  to  1  mill,  and  it  is  not  probable  that  anyone  will 
contend  that  a  further  deepening  from  21  to  30  ft.  would  not  force  a 
greater  reduction  m  rates  than  |  mill.  The  only  ground  for  attacking 
the  estimate,  api^ears  to  require  a  prediction  that  our  producing, 
mantifacturing  and  consuming  capacity  is  about  to  be  paralyzed. 

Although  a  very  large  sum,  compared  with  the  cost  of  preceding 
public  or  corporate  improvements,  will  be  required  for  this  work,  it 
is  suggested  that  there  is  no  necessity  for  a  partial  improvement.  The 
United  States  has  not  only  abundant  credit,  but  the  necessary  capital 
in  hand  to  carry  the  euterj^rise  to  a  prompt  comj^letion.  And  it  is 
confidently  predicted  that  in  no  year  will  the  exj^enditures  on  this 
improved  waterway  exceed  our  loans  of  the  current  year  to  foreign 
countries, — loans  that  aid  them  in  industrial  competition. 

In  a  i)aper  on  the  Suez  Canal,  lately  read  before  the  Instituti^sn  of 
Civil  Engineers,  London,  by  Sir  Charles  Hartley,  it  is  stated  that 
questions  addressed  to  many  captains  and  pilots  navigating  that  canal 
showed  a  consensus  of  opinion  in  favor  of  a  canal  that  could  jsass 
vessels  at  a  si?eedof  8  knots — 9.22  miles — per  hour.  For  this,  3  to  3|  ft. 
under  the  bottom  of  the  vessel,  with  ]|  clear  beam  widths  between 
vessels  when  passing,  and  40  ft.  between  the  vessel  and  the  bank  was 
desired,  with  an  ultimate  depth  of  32  ft.  9  ins. 

The  present  scheme  for  enlargement  j^rovides  for  a  depth  of  29  ft. 
6  ins.,  a  bottom  width  of  200  ft.,  or  a  cross-section  of  8  075  sq.  ft. 
Mr.  Lionel  B.  Wells  wrote,  in  discussion  of  that  paper,  that  with  a 
vessel  said  to  have  a  speed  of  11  knots  in  the  open  sea,  he  made  8 
knots  per  hour  in  the  canal.  The  cross-section  of  the  vessel  was  819 
sq.  ft.,  and  the  probable  cross-section  of  the  canal  5  384  sq.  ft.,  or 
about  6^  times  the  cross-section  of  the  vessel. 

The  Bureau  of  Statistics,  in  its  "Miscellaneous  Tables,"  gives  the 
mean  duration  of  passage  of  vessels  navigating  the  Suez  Canal  by 
night  and  day  as  17  hours  16  minutes,  or  an  average  of  5.8  miles  per 
hour,  including  the  necessary  delays  at  "gares,"  as  often  as  vessels 
meet. 

It  is  noticeable  that  a  depth  of  29  ft.  6  ins.  is  being  obtained,  and 
a  depth  of  32  ft.  6  ins.  is  expected  in  a  canal  that  for  some  time  has 
not  had  half  the  traffic  of  The  Soo,  and  probably  will  never  pass  one- 
fourth  of  the  traffic  of  the  Detroit  River.  The  paper  of  Sir  Charles 
Hartley,  with  the  discussion,  strengthens  the  general  conviction  that 
the  speed  of  boats  in  contracted  channels  increases  faster  than  the 
ratio  of  the  cross-sections  of  the  channels  to  that  of  the  boats;  and  any 
desired  speed  can  be  maintained  in  a  canal  of  sufficient  size.  The 
remarkable  absence  of  accidents  delaying  traffic  in  the  Suez  Canal 
gives  strength  to  the  theory  that  accidents  are  less  to  be  dreaded  in 
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oaunls  tlirtu  iu  comparfttively  short  jjassages  of  restricted  width  in  the  Mr.  North, 
course  of  a  free  uavi^atiou.     Aud  it  should  be  remembered  that  while 
a  small  canal  is  impracticable  for  a  large  vessel,  the  small  vessel  moves 
with  less  expense  than  in  a  more  contracted  channel. 

It  seems  that  with  a  channel  of  sufficient  cross-section  to  conveni- 
ently accommodate  the  tonnage  which  may  be  fairly  expected,  the 
saving  in  the  cost  of  the  freight  carried  will  more  than  jiay  the 
assumed  rates  of  interest  and  maintenance.  And  that,  without  regard 
to  indirect  aud  collateral  benefits,  the  investment  will  afford  a  profit 
to  the  public  after  paying  interest  and  maintenance  charges. 

With  these  considerations,  it  does  not  seem  entirely  proper  to 
imagine  a  canal  of  inadequate  capacity  and  predicate  on  that  concep- 
tion the  necessity  of  high  freight  rates  because  of  a  speed  of  "  only  5 
miles  per  hour." 

The  very  full  and  complete  statistics  kept  by  the  engineer  corps 
at  The  Soo,  Avhich  cover  the  last  thirteen  years,  show  that  concurrently 
with  deepening  and  enlarging  the  Lake  channels,  and,  it  is  confidently 
thought,  in  consequence  of  such  deepening,  the  tons  carried  in  1887, 
5  •494  649,  increased  to  25  255  810  in  1899,  while  the  cost  for  such  car- 
riage increased  from  SIO  075  153  to  §21  959  707.  A  very  imi^ortant 
relation  of  this  traffic  to  the  production  and  wealth  of  the  country  is 
shown  by  the  fact  that,  while  the  value  per  ton  was  §13.83  in  1887, 
reaching  its  minimum,  §10.59,  in  1895,  and  averaging  §11.14  for  the 
thirteen  years,  the  cost  of  transportation,  compared  with  the  value  of 
the  freight,  has  decreased  from  an  average  of  10.88)J(^  tor  the  three 
years  ending  with  1889,  to  6.34%"  for  the  three  years  ending  with  1898, 
having  averaged  for  the  thirteen  years  7.84)!^  of  the  value  of  the  goods 
transported  an  average  distance  of  827  miles. 

It  is  unnecessary  to  explain  the  effect  of  this  low  freight  rate  on 
the  production  and  wealth  of  this  country,  much  of  the  jjroduce 
having  been  sold  on  Lake  Erie  docks  for  less  than  the  railroad  charges 
between  the  jjoints  of  j^roduction  and  sale,  according  to  E.  S.  Wheeler, 
M.  Am.  Soc.  C.  E.,  for  some  time  superintendent  of  the  locks  at  The 
Soo.  The  cost  of  transportation  by  railroads  would  probably  have 
prevented  the  production  of  fully  half  the  freight  carried,  as  they 
would  have  left  only  about  45%  of  the  value  to  the  producers.  And 
the  low  freight  rates  on  the  Lakes  have  been  an  important  if  not  gov- 
erning factor  in  our  ability  in  the  nine  months  ending  with  September 
30th,  1900,  to  sell  manufactured  goods  valued  at  over  §338  000  000  to 
foreigners.  During  the  peiiod  under  consideration  the  total  value  of 
the  1G9  333  701  tons  passing  through  The  Soo  was  §1  986  374  573,  and 
§155  798  436  was  received  for  its  carriage  on  the  Lakes.  If  this  ton- 
mileage  had  paid  railroad  rates,  it  would  have  cost  over  §1  000  000 
more.  This  sum  applied  to  the  total  expenditures  of  the  country  for 
rivers  and  harbors — §320  000  000 — gives  a  very  satisfactory  dividend. 


272     discussion:  canals  feom  the  lakes  to  new  tork. 

Mr.  North.  Comparing  the  railroad  rates  of  1899  with  the  water  rates,  there  is  a 
saving  of  8129  715  811,  or  a  dividend  of  40.5%,  on  the  above-mentioned 
expenditure. 

It  is  recognized  that  objections  are  made  to  taking  the  average  of 
all  railroad  freights  in  comparison  with  water  rates  on  lower-classed 
goods,  but  as  a  rough  measure  the  method  may  be  inadequate,  in 
view  of  the  facts  that  the  tonnage  through  The  Soo  is  about  half  of  the 
traffic  on  the  Great  Lakes,  and  our  average  freight  rates,  which  are  less 
than  half  those  of  anv  other  country,  are  declining  rapidly.  This  is 
due  more  to  the  competition  developed  by  our  ample  Lake  channels 
than  to  any  other  cause.  If  the  entire  cost  of  transportation  must  be 
taken  in  some  proportion  from  the  resources  of  both  producer  and 
consumer,  it  is  probable  that  the  tlirect  gain  to  the  people  served 
by  the  enlargement  of  the  locks  and  channels  during  the  last  thir- 
teen years  is  greater  than  S2  000  000  000,  rather  than  less  than 
SI  000  000  000.  This  is  in  addition  to  indirect  gains  from  the 
employment  given  in  producing  such  part  of  the  81  986  374  570  as 
was  made  possible  by  low  freights  and  the  consumption  consequent 
on  such  production. 

History  takes  no  cognizance  of  an  occasion  when  a  proposition  to 
enlarge  channels  of  distribution  and  cheapen  transportation  has  been 
submitted  to  the  public  without  decided  oj^position  to  the  i^roject 
from  those  having  an  interest  in  existing  transportation  facilities. 
Most  of  us  remember  the  Lake  Carriers  opj^osition  to  General  Poe's 
plan  for  a  20-ft.  navigation,  and  Thomas  C.  Keefer,  Past  President  of 
this  Society,  in  a  paper — "  The  Canals  of  Canada  " — read  before  the 
Royal  Society  of  Canada  in  1893,  has  preserved  a  record  of  some  of  the 
influence  brought  to  bear  on  a  Commission  appointed  by  the  Dominion 
Government  in  1870  to  decide  on  the  depth  of  the  Canadian  Canal 
system. 

A  ship  owner,  of  Oswego,  thought  vessels  200  ft.  long  with  a  burden 
of  750  tons  "  amj^le  for  the  internal  commerce  of  the  Lakes,  the  Lower 
Produces  and  New  England;  longer  locks  would  cause  expense,  a 
strong  current  and  delay,  not  warrantable  in  order  to  provide  for  a  few 
and  rare  cases  where  large  vessels  would  desire  to  pass  to  and  from 
the  ocean." 

Another,  ' '  whose  life  had  been  s^jent  in  the  commerce  of  the  Lakes  " 
said: 

"It  had  been  clearly  established  that  vessels  of  over  700  or  800 tons 
were  not  so  profitable  on  the  Lakes  as  vessels  of  a  smaller  size.  Nature 
has  placed  barriers  in  front  of  most  of  our  harbors,  also  wide  flats 
across  some  of  our  greatest  thoroughfares,  that  will,  in  spite  of  art,  for 
ages  to  come,  make  it  necessary  to  build  lighter-draft  vessels.  Sail 
vessels  of  over  800  tons  could  not  safely  navigate  the  lakes  even  if 
harbors  were  deep  enough." 

Mr.  Keefer  does  not  make  it  entirely  clear  whether  this  testimony 
is  preserved  to  palliate  the  insufficient  size  of  the  Canadian  canals,  or 
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to  show  the  exiiberaut  imaginatiou    developed  by  the  posseRsion  of  Mr.  North, 
some  siuiiU  woodeu  schoouers,  iu  the  miuds  of  otherwise  reliable  citi- 
zeus.     The  couclusious  and  opinions  reproduced  bear  a  striking  resem- 
blance to  some  published   thirty   years  later  by  the  Committee  on 
Canals  of  New  York  State. 

Notices  of  large-sized  steamships  which  have  been  built  lately,  for 
as  certain  an  ocean  trade  as  that  on  the  Great  Lakes,  seem  to  be 
responsible  for  a  theory  that  all  over-sea  commerce  is  carried  in  ocean 
leviathans,  and  that  if  "we  cannot  have  ocean  leviathans  we  cannot 
trade.  But  the  sea-borne  exports  from  the  United  States  are  carried  in 
vessels  that  average  818  tons  net  register;  32  108  vessels  with  an  aggre- 
gate of  2(5  265  976  net  registered  tons  cleared  from  our  ports  in"  the 
foreign  trade  during  the  fiscal  year  1899.  The  average  register  of  sail- 
ing vessels  was  371  tons,  and  of  steamships  1  061  tons.  As  a  matter 
of  comjjarison,  the  American  sail  vessels  passing  through  the  locks 
at  The  Soo  during  the  calendar  year  1899  averaged  944  net  registered 
tons,  and  the  American  steamers  1  162  tons,  or  nearly  9}%  greater  ton- 
nage than  those  engaged  in  our  foreign  trade.  And  the  vessels,  sail 
and  steam,  carrying  our  exports  to  foreign  countries  averaged  only 
three-quarters  of  the  tonnage  of  our  vessels  carrying  between  Lake 
Superior  and  the  lower  lakes. 

The  steamshijjs  out  of  the  Port  of  New  York,  in  our  export  trade, 
averaged  2  324  tons;  those  to  English  and  European  ports  north  of 
Gibraltar,  3  055  tons.  To  the  Mediterranean,  the  average  was  2  104 
tons;  to  South  American  ports,  1  517  tons,  and  to  West  Indian  j^orts, 
1  453  tons. 

The  greater  average  tonnage  to  ports  north  of  Gibraltar  is  due  in 
part  to  their  larger  consumjition,  and  in  part  to  our  necessity  of  shipping 
Tta  those  countries  whose  persistent  subsidies  to  steamer  lines  has 
enabled  them  to  become  distributors  of  the  goods  of  less  alert  nations 
to  those  small  but  more  profitable  markets  which  are  not  reached  by 
direct  lines  from  this  country.  i 

Although  there  is  no  doubt  that  the  large  vehicle  with  full  loads 
always  carries  freight  at  a  lower  cost  than  the  smaller  one,  the  small 
carrier  is  necessary  to  commercial  development  and  occupies  the  same 
position  to  ports  of  smaller  production  that  our  cheaply  constructed 
railroads  of  the  '40's  and  '50's  held  in  the  develojiment  of  this  country. 
A  large  commerce  is  as  impossible  without  development  by  the  small 
carrier  as  the  four-tracked  railroad  would  be  without  its  forerunner, 
the  cheap  road. 

Much  has  been  said  about  barge  and  other  towing  on  the  Lakes, 
the  Atlantic  and  on  rivers.  Towing  on  the  Lakes,  though  theoretic- 
ally economical,  has  not  proved  sufficiently  profitable  in  practice  to 
receive  much  development.  The  peculiar  fleet-towing  on  the  Ohio 
and  Mississippi,  viz.,  the  towboat  jjushing  the  fleet  or  holding  back  in 
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Mr.  North,  bends,  gives  probably  the  cheapest  transportation  known,  but  that 
method  would  be  impossible  on  the  Lakes,  of  douVjtful  practicability 
on  any  canal,  impracticable  in  a  stream  like  the  Hudson,  where  the 
tide  ebbs  and  flows  from  New  York  to  Troy,  and  would  be  dangerous 
at  times  in  the  Taj)pan  Zee  with  the  style  of  boats  used  on  the  Ohio. 
String  and  fleet-towing  are  Vjoth  practicable  on  nearly  all  rivers,  and 
there  seem  to  be  no  theoretical  objections  to  its  economy;  but,  except- 
ing fleet-towing  on  the  Hudson,  it  has  not  been  much  developed  in, 
this  country. 

String-towing  has  for  some  time  been  practiced  both  on  the  Lakes 
and  ocean,  j^articularly  in  the  coasting  trade.  At  one  time  the  large 
coal  railroads  moved  substantially  all  of  their  coal  to  eastern  ports  by 
towboats  and  barges.  In  the  dark  days  between  1893  and  1897  it  was 
thought  the  coasting  schooner  was  doomed.  It  is  asserted  that  for 
one  year  only  one  schooner  was  launched  in  eastern  ship  yards.  That 
is  now  ancient  history.  For  some  time  there  has  not  been  a 
vacant  berth  in  an  eastern  yard.  A  list  of  this  year's  launchings 
shows  eighteen  4-masted  to  6-masted  schooners,  averaging  over  1  700 
tons  gross  register  each.  The  coal  companies  will  doubtless  continue 
towing  barges  along  the  Atlantic  coast,  but  it  is  doubtful  if  that 
method  of  transportation  will  again  attain  the  relative  importance 
of  four  years  ago;  it,  however,  does  not  seem  likely  to  be  discon- 
tinued, and  will  probably  always  ijresent  a  means  of  cheap  trans- 
portation. 

Fear  is  felt  by  some  that  foreign  governments  would  subsidize 
steamer  lines  to  our  Lake  ports  and  not  only  capture  the  trade  of  the 
Lakes,  but  destroy  the  ship-building  industry  established  there.  Such 
fear  does  not  seem  well  founded.  No  vessel  under  a  foreign  flag  could 
do  a  way  business  between  any  ports  in  the  United  States,  and, 
though  a  few  foreign  steamers  would  discharge  and  load  cargoes  at 
Lake  ports,  their  entire  particii^ation  in  that  traffic  would  probably 
not  exceed  the  2  to  45*0  of  British  tonnage  now  passing  The  Soo.  But 
it  can  be  confidently  predicted  that,  with  a  practicable  channel  to  the 
sea,  there  are  few  vessels  which  would  not  add  to  their  cost  the  8  ta 
10%"  necessary  to  put  in  condensers  and  'enable  them  to  compete  for 
the  very  high  ocean  freight  rates  now  exacted,  which  are  substantially 
paid  by  our  producers. 

This  theory,  that  either  American  carrying  or  American  ship 
building  would  be  injured  by  an  amj^le  waterway  connecting  the  Lakes 
and  ocean  together,  has  great  doubt  thrown  uijon  it  by  the  attitude  of 
the  agents  of  foreign  steamships  sailing  from  our  jjorts  and  that  of  their 
employees  and  other  servants.  These  lines  are  generally  subsidized 
by  the  governments  whose  flag  they  fly,  governments  that  know  what 
they  are  paying  their  money  for,  and  their  agents  in  this  country 
must  uphold  the  interests  of  such  governments,  as  well  as  the  interests 
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of  the  stockholders  and  those  of  the  closely  aflSliated  railroads  in  this  Mr.  North, 
country,  or  make  way  for  some  one  better  fitted  for  the  jjosition.  It 
is  doubtfnl  if,  in  the  whole  category,  a  single  advocate  for  anything 
larger  than  a  barge  canal  can  be  found.  And  the  fear  that  a  ship  canal 
of  ample  cross-section  would  enable  these  foreign  shijiowners  to 
increase  or  even  maintain  their  present  high  rates  for  freight  and 
passengers  seems  to  have  no  more  foundation  than  a  fear  that  the 
same  canal  would  allow  the  New  York  Central  to  maintain  either  its 
general  freight  rates  or  its  discrimination  against  the  profits  of  our 
wheat  growers. 

The  importance,  to  our  national  prosperity,  of  our  present  low 
freight  rates  and  their  further  development  in  this  direction  cannot 
be  overestimated.  Any  history  treating'  of  national  power,  from  the 
dim  days  when  its  seat  lay  on  the  Euphrates  route  between  India 
and  the  then  West,  to  the  present,  shows,  jjrobably  without  assertion, 
that  possession  of  the  cheapest  and  most  efficient  transportation  has 
been  necessary  for  the  greatest  development  of  production  and 
wealth. 

Forty  years  ago  Great  Britain  possessed  the  cheapest  internal 
transportation,  and,  while  seeing  the  destruction  of  our  merchant 
marine,  was  building  uj)  its  own  with  subsidies  of  nearly  £1  000  000 
per  annum.  In  the  aggregate  rewards  of  its  industrial  energy  it  was 
apparently  unapproachable.  But  the  principle  of  conserving  vested 
rights  has  enabled  the  managers  of  her  railways  to  maintain  freight 
rates  without  sensible  diminution  during  this  period,  and  prevented 
competition  from  enlarged  canals.  Other  nations,  however,  have  en- 
larged their  waterways  and  reduced  freight  rates.  Then,  England 
stood  easily  first  among  the  nations  and  this  country  thii-d.  Now,  the 
United  States,  having  the  lowest  freight  rates,  stands  first,  and  there 
is  doubt  whether  England,  whose  manufacturers  and  consumers  pay 
more  per  ton-mile  for  transporting  their  freight  than  any  other  people, 
stands  second  or  third  in  rank. 

The  managers  of  our  railroads,  unable  to  establish  legislative 
principles  analogous  to  those  of  England,  except  possibly  along  our 
northern  seaboard,  have  adopted  the  expedient  known  as  "community 
in  stock  ownership  "  with  the  apparent,  if  not  avowed,  intention  of 
preventing  healthy,  or  other,  competition  in  the  future.  Success  in 
this  plan  will  probably  result  in  no  further  diminution  of  freight  rates 
in  this  country,  unless  there  is  more  effective  competition  from  water 
routes.  Few  doubt  that  the  oj^ening  of  the  combined  Lake  and  canal 
route  in  the  spring  still  influences,  and  to  some  extent  controls,  all 
freight  rates  east  of  the  Mississippi,  as  they  did  to  a  greater  extent 
when  Mr.  Fink  gave  his  testimony.  None  can  doubt  that  a  larger 
waterway  than  the  present  would  have  more  influence;  nor  can  it  be 
denied  that  the  larger  the  waterway,  the  greater  the  influence  exerted 
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Mr.  North,  by  it.  The  only  tenable  question  is  as  to  the  economical  size  of  the 
canal. 

Approaching  the  discussion  of  these  papers  with  a  predilection  in 
favor  of  large  channels,  that  some  might  call  a  jirejudice,  a  collation 
of  the  figures,  presented  from  year  to  year  by  the  members  of  the 
United  States  Engineer  Corps  in  charge  of  the  locks  at  The  Soo,  show- 
ing the  important  items  of  the  traffic,  has  resulted  in  astonishment  at 
the  combined  growth  of  tonnage  and  decrease  in  cost  of  transporta- 
tion, both  absolutely  and  in  terms  of  value  carried.  They  show  a 
traffic  that  is  unprecedented  for  volume  per  inhabitant  served,  and  is 
also  thought  to  be  unprecedented  in  both  the  small  value  per  unit  of 
commodities  carried  and  in  the  low  cost  of  the  service.  This  is  from 
a  lake,  the  shores  of  which  were  visited  by  the  exjjlorers  of  sixty  years 
ago. 

When  the  first  locks  at  The  Soo  were  oi^ened  to  traffic  we  were  a 
15oor  nation,  and  capital  for  small  enterprises  was  secured  with 
difficulty,  mostly  from  foreigners  at  money-lender's  bargains.  To-day 
we  seem  to  be  the  world's  favorite  gathering  ground  for  national 
loans. 

A  consideration  of  the  curves  of  increase  and  decrease,  shown  by 
these  returns,  and  their  extensions,  have  a^ipeared  to  justify  the  fore- 
going assumed  increases  in  tonnage  and  decreases  in  cost  of  service. 
They  also  are  thought  to  warrant  the  prediction  that  no  channel  from 
the  heads  of  the  Great  Lakes  to  the  Port  of  New  York  in  the  service  of 
distribution  between  the  area  which  seeks  outlet  on  that  channel  and 
the  Atlantic  coast  of  our  country,  will  be  so  large  as  not  to  be  incon- 
veniently crowded  by  the  iiassing  traffic.  The  direct  returns  from  the 
lower  freight  rates,  on  an  ample  and  commodious  channel,  will 
undoubtedly  exceed  the  annual  expense  to  the  nation  for  interest  and 
maintenance. 

As  the  statistics  referred  to  may  not  be  easily  accessible  to  all 
members  of  the  Society,  they  are  given  in  Tables  Nos.  8  and  9,  with 
the  addition  of  the  railroad  rate  j>eY  ton-mile,  as  given  in  Poor's 
Manual,  and  some  calculated  deductions. 

There  is  much  reiteration  by  Mr.  Wisner  of  the  statement  that  21 
ft.  limits  the  economical  depth  for  navigation  on  the  Lakes,  but  prob- 
ably not  more  than  was  used  by  vessel  owners  against  the  first  deejjen- 
ing  of  the  waterways,  nor  more  than  was  urged  against  General  O.  M. 
Poe's  splendid  project  for  the  21-ft.  channels.  The  economic  size  of 
the  carrier  is  thought  to  be  governed  not  so  much  by  the  length  of 
haul  as  by  the  amount  of  freight  offered,  which  is  i^robably  the  most 
imjjortant  factor  in  determining  the  size  of  the  vessel  used.  That  the 
present  limitation  of  the  draft  of  vessels  on  the  Lakes  is  not  satisfac- 
tory to  the  business  interests  of  Chicago,  may  be  seen  from  the  24-ft. 
channel  of  theii*  Main  Drainage  Canal,  which  was  commenced  in  Sep- 
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tembev,  1SI)2,  auil  has  beeu  piished  thionj^li  rcjck  aud  earth  to  a  navi-  Mr.  North, 
gable  lumc'hisiou.     Thin  deptli,  however,  apparently  does  uot  measure 
the  ultimate  ambition  of  Chicago  for  cheai)  traus2)ortation,  as  it  seems 
the  Drainage  Trustees  are  proposing  to  deepen  the  Chicago  River  to 
30  ft. 

TABLE   No.    8. — Net   Registered    Tonnage  Passing  the  Locks  at 
Sault  Ste.  Marie  (The  Soo). 


Year. 

Tonnage. 

Year. 

Tonnage. 

Year. 

Tonnage. 

Year. 

Tonnage. 

Year. 

Tonnage. 

1K5.5 

10(1  296 

1864 

571  438 

1873 

1204  446 

1883 

2  468  088 

1891 

8  400  685 

is5i; 

101  458 

1865 

409  063 

1874 

1  070  867 

vm 

3  043  2.59 

1892 

li)  647  303 

1857 

180  820 

1866 

458  530 

1875 

1  359  5.34 

18H4 

2  997  837 

1893 

8  949  754 

1St8 

219  819 

1867 

556  899 

1876 

1  541  676 

1885 

3  035  937 

'   1894 

13  110  366 

185'.l 

852  (i43 

1868 

433.563 

1877 

1  4:i9  316 

1886 

4  219  397 

1895 

16  806  781 

18()0 

403  657 

1869 

534  885 

1878 

1  667  136 

1887 

4  897  598 

189() 

17  249  418 

1861 

276  639 

1870 

1)90  826 

1879 

1  677  071 

1888 

5  130  659 

1897 

17  619  933 

18G-3 

3.59  613 

1871 

752  101 

1880 

1  734  890 

1889 

7  221  935 

1898 

18  633  754 

1863 

507  434 

1873 

914  735 

1881 

3  093  757 

1890 

8  454  435 

1899 

1 

21  958  347 

Lock. 

Dimensions. 

Date  of  opening. 

First  lock;  double  lift 

350  X    70  X  111^  ft. 
515  X    80  X  17  ft. 
900  X    60  X  30  ft. 
800  X  100  X  21  ft. 

June  18th,  1855. 

Weitzel  lock.           

Sept.   1st,  1881. 
Sept.  9th,  1895. 
Aug.     3d,  1896. 

Canadian  lock 

Poe  lock 

Note.— Deepening  the  lake  channels  from  16  ft.  to  21  ft.,  which  was  commenced  in  the 
spring  of  1893,  is  not  yet  fully  completed. 

No  other  demonstration,  of  the  results  which  will  accrue  from  larger 
channels,  is  possible  than  the  increase  of  tonnage  and  decrease  of 
freight  rates  which  have  followed  increasing  the  dej^ths  in  The  Soo 
locks  from  lli^  to  21  ft.  Nor  should  any  other  be  required.  Anyone 
who,  20  years  ago,  had  predicted  that  the  2  000  000  tons  then  passing 
The  Soo  would  expand  in  the  year  1900  into  25  000  000  tons  would  have 
been  considered  of  unsound  mind.  Then,  Minnesota,  the  two  Dakotas, 
Wyoming  and  Montana,  wdth  an  area  slightly  less  than  500  000  sq. 
miles,  had  a  population  of  2  per  square  mile;  now,  the  j^opulation  is  6. 
And,  though  we  may  not  predict  another  increase  of  200%"  in  the  next 
twenty  years,  a  much  lai-ger  absolute  growth  is  certain  if  a  continued 
decrease  in  freight  rates  is  maintained.  The  same  statement  seems 
authorized  as  to  the  traffic.  The  traffic  and  population  being  inter- 
dependent, and  both  deiJendent  on  the  freight  rate,  their  development 
will  be  governed  by  the  size  of  the  Lake  channels. 

The  minimum  depth  on  the  miter-sills  of  the  next  lock  built  will 
be  24  ft.,  and  it  is  possible  that  the  depth  will  be  30  ft. 

It  may  be  doubted  if  the  expected  and  desirable  change  in  the 
character  and  value  of  materials  exijorted  will  result  in  a  decreased 
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(vj^gregate  touuage  of  exports.     For  thirty  years  we  have  heeu  steadily  Mr.  North. 
briugiug  the  factory  nearer  to  the  producer  of  raw  materials,  with  a 
coneurreut  pheuomeual  iuerease  in  freight  tonnage,  altliough,  theoreti- 
■cally,  the  process  should  diminish  the  ton-mileage  of  the  country. 

Undoubtedly,  "  a  waterway  from  the  Lakes  to  the  Atlantic  should 
have  dimensions  which  will  permit  the  passage,  at  economical  speeds, 
of  ships  best  adapted  for  the  traffic  of  the  water  routes  connected;" 
and,  "  it  should  be  the  one  best  adajjted  for  the  distribution  of  pro- 
ducts and  manufactures  for  domestic  uses."  The  first  of  these  asser- 
tions calls  for  a  waterway  that  will  connect  the  immense  jjower  of 
production  in  the  area  tributary  to  the  Lakes,  not  only  with  our 
Atlantic  and  Gulf  Coast  ports,  but  with  all  ports  fronting  on  the  ocean; 
and  it  will  not  be  denied  that  the  larger  the  waterway  the  less  the  cost 
of  transportation  through  it.  The  second  will  lead  to  the  location  of 
the  waterway  near  the  line  of  the  present  canal,  where  it  will  feed  and 
develoiJ  our  central  aggregation  of  jiopulation  and  cajiital. 

Attention  is  once  more  asked  to  Mr.  Corthell's  figures  for  the  ton- 
nage of  the  Port  of  New  York.  He  found  the  entrances  and  clearances 
in  the  foreign  trade  to  be  15  201  653  tons,  and  in  the  coastwise  trade 
25  093  000  tons;  that  is  to  say,  the  volume  of  the  foreign  trade  of  New 
York  is  less  than  61  j?^  of  the  coasting  trade.  But  to  both  of  these  trades 
the  canals  of  the  State  of  New  York  contribute  only  about  3  000  000  tons. 
We  have  no  standard  which  enables  us  to  correctly  predicate  the  ton- 
nage of  the  harbor  when  the  Erie  Canal  contributes  30  000  000  tons 
instead  of  3  000  000. 

The  statement  that  40  000  000  tons  passed  through  the  Detroit  River 
■was,  in  fact,  taken  from  Mr.  Mayer's  paper,  and  erroneously  credited 
to  Mr.  Wisner. 

Thomas  Monko,  M.  Inst.  C.  E.  (by  letter). — Mr.  Wisner  makes  out  Mr.  Monro, 
a  fair  case  for  a  21-ft.  channel,  but  the  writer  must  take  exception  to 
the  way  in  w^hich  he  has  bracketed  the  "  decline  of  traffic  on  the  Erie 
Canal  since  1880,"  wdth  the  alleged  "failure  of  the  14-ft.  Canadian 
canals  to  divert  commerce  from  the  lake  and  railroad  lines."  It  is 
true  that  the  traffic  of  the  Erie  Canal,  at  its  jsresent  dimensions,  is  con- 
stantly declining — and  for  obvious  reasons— but  the  14-ft.  channel 
between  Lake  Ontario  and  the  sea  has  not  yet  been  tried,  and,  there- 
fore, cannot  correctly  be  said  to  have  failed.  As  is  well  known,  the 
Canadian  canals  were  only  fully  opened  to  the  new  dimensions  this 
spring,  and  there  are  as  yet  but  few  vessels  of  full  "  Canadian  canal 
size  "  in  existence.  The  fleet  that  can  navigate  the  St.  Lawrence  route 
to  the  greatest  advantage  has  yet  to  be  built,  but  the  writer  believes 
that  a  number  of  suitable  craft  are  now  in  hand  on  the  Upper  Lakes. 
As  a  matter  of  fact,  only  one  vessel  drawing  13^  ft.  passed  through  to 
Montreal,  so  far,  this  season.  The  writer  is  inclined  to  believe,  how- 
ever, that  the  $65  000  000  spent  by  Canada  on  a  line  of  navigation 
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Mr.  Monro,  which  will  enable  vessels  drawing  14  ft.,  and  carrying  from  2  000  to 
2  200  tons,  to  pass  directly  from  Duluth,  Fort  William  or  Chicago  to 
Montreal  without  breaking  bulk,  has  not  been  entirely  thrown  away — 
but,  on  the  contrary,  this  magnificent  route,  when  fully  developed,  as 
it  will  be  ere  long,  must  prove  a  valuable  means  of  transporting  grain, 
ore,  steel,  etc.,  for  exi^ort  to  Europe  via  Montreal. 

If  the  arguments  set  forth  in  Major  Symons  report  of  1897  are  cor- 
rect (and  the  writer  believes  this  to  be  the  ablest  and  most  practical 
paper  which  has  so  far  been  written  on  the  subject),  and  his  conclusion 
sound,  that  the  best  thing  New  York  can  do  is  to  construct  a  10-ft. 
barge  canal  across  the  State  350  miles  from  Buffalo  to  Albany,  theu 
there  apjiears  to  be  a  chance  for  Canada  to  do  some  business,  on  a  14-ft. 
basis,  with  boats  of  2  000  tons,  and  only  about  70  miles  of  canals  be- 
tween the  Great  Lakes  and  the  seaboard.  Of  course,  it  is  a  fact  that 
the  domestic  commerce  of  the  United  States,  between  the  centers  of 
j)oi3ulation  in  the  East  and  the  producing  regions  of  the  West,  con- 
stitiites  the  vast  bulk  of  the  i3resent  traffic;  and  the  Canadian  route 
does  not  lead  directly  either  to  the  New  England  States  or  New  York; 
but  the  develoi^ment  of  Canada's  own  vast  areas  of  liroduction  in  the 
Northwest  must  soon  give  jjlenty  of  work  to  do.  There  will  be  enough 
to  crowd  all  the  avenues  of  transportation  both  by  rail  and  water. 
The  railways  are  making  such  rapid  strides  in  cheapening  freights 
that  the  water  routes  will  have  to  look  to  their  laiu'els.  Brindley  said 
that  i-ivers  were  made  to  feed  canals;  but  one  would  not  now  be  sur- 
prised to  hear  of  railway  men  lirojiosing  to  fill  them  both  up  so  as  to 
form  roadbeds  for  their  ever-multiplying  tracks.  If  the  water  routes 
fail  entirely,  as  has  been  so  confidently  predicted,  the  Canadian  route 
cannot  prove  the  exception  hoped  for.  At  all  events,  Canada  is  past 
the  theorizing  stage.  Its  main  canal  system  is  now  completed,  such 
as  it  is,  and,  if  it  fail,  all  that  can  then  be  said  for  Canadians  is  that 
they  deserve  more  credit  for  pluck  than  for  foresight.  However,  the 
end  is  not  yet,  and  the  writer,  for  one,  fully  believes  that  Canada  will, 
in  due  time,  reap  the  full  benefits  of  her  large  expenditui'e  on  her 
national  route. 
Mr.  Hinds.  Frank  a.  Hinds,  M.  Am.  Soc.  C.  E.  (by  letter). — Mi-.  Wisner's 
l^aper  is  valuable  in  that  it  shows  the  necessary  dimensions  a  canal 
mtist  have  in  order  to  do  a  successful  business  between  the  Great  Lakes 
and  New  York,  and  Mr.  Mayer's  jjaper  throws  much  light  on  the  ques- 
tion of  who  should  build  it. 

That  the  enterprise  belongs  to  the  United  States  and  not  to  the 
State  of  New  York  alone,  becomes  more  evident  the  more  it  is  consid- 
ered, although  New  York  State  will  always  be  much  interested  in  it, 
on  account  of  its  necessary  location  through  her  territory. 

Nature  made  a  great  valley  through  the  middle  of  New  York  State, 
cutting  the  Appalachian  system  of  mountains  below  the  level  of  Lake 
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Erie  ami  makiuf?  it  ])ossil)le  to  construct  a  sell'-supi)lying  waterway  Mr.  Hinds, 
from  this  luko  directly  to  tide  water  at  Troy  ou  the  Hudson.  In  the 
report  of  the  Deep  "Waterways  Commission  of  1897,  tbis  route, 
altbouj^h  mentioned,  was  not  reported  with  favor,  but,  instead,  a  route 
was  mentioned  from  Lake  Erie  to  Lockport  and  to  Lake  Ontario  at 
Olcott  Harbor,  and  thence  by  way  of  Lake  Ontario  to  Oswego  and  up 
again  through  the  Mohawk  Valley  and  tinally  down  to  Troy.  The 
reasons  given  in  favor  of  the  Lake  Ontario  route  were:  Less  standard 
canal  to  build;  the  development  of  new  business  on  Lake  Ontario,  and 
a  supposed  saving  in  total  length. 

It  would  seem  now,  however,  in  view  of  the  comparative  speed 
■which  a  vessel  may  be  able  to  make  in  the  canal,  as  is  shown  in  the 
two  papers  tinder  discussion,  and  also  in  view  of  the  expense  and  diffi- 
culty of  providing  an  adequate  and  reliable  water  supply  for  the 
summit  of  the  Mohawk  Valley  Canal,  that  the  subject  of  a  self-supply- 
ing, continuously-descending-grade  canal  from  Lake  Erie  to  the 
Hxidson  should  have  further  consideration. 

The  level  of  Lake  Erie  is  573  ft.  above  tide;  that  of  Lake  Ontario 
247  ft.  The  long  Rome  Level  of  the  present  Erie  Canal  is  430  ft. 
above  tide,  or  183  ft.  higher  than  Lake  Ontario.  Of  all  the  business 
to  be  done  on  a  waterway,  probably  more  than  seven-eighths  would 
come  from  Lake  Erie  or  points  farther  west. 

Now,  if,  as  recommended  by  the  Deep  Waterways  Commission  in 
1897,  the  route  is  from  Lake  Erie  through  Lockport  and  Olcott  to 
Lake  Ontario,  and  thence  by  Oswego  and  Oneida  Lake  to  Rome,  all 
the  through  tonnage  must  be  lowered  to  the  level  of  Lake  Ontario  and 
then  raised  again  to  the  Rome  Level,  making,  as  compared  with  a 
continuous-down-gi-ade  canal,  twice  the  difference  in  level  of  183  ft. 
from  Lake  Ontario  to  Rome,  or  366  ft.  of  unnecessary  lockage. 

A  new  canal  Avould,  of  course,  be  made  with  fewer  locks  and 
greater  lifts  than  was  the  old  practice,  but  the  delays  consequent 
upon  366  ft.  of  lockage  would  oflfset  any  advantage  of  greater  speed  to 
be  made  by  vessels  while  in  the  open  lake  between  Olcott  and  Osw  ego. 
The  time  required  for  this  120  miles  of  lake  navigation  at  12  miles  per 
houi'  would  be  10  hours,  while  in  the  standard  canal,  at  8  miles  per 
hour,  it  woiild  take  15  hours,  or  5  hours  more  than  on  the  open  lake; 
but  this  would  be  a  short  time  in  which  to  accomplish  the  366  ft.  of 
unnecessary  lockage.  A  comparison  of  the  total  distance  over  each  of 
the  two  routes,  although  it  cannot  be  made  with  ceriainty  until  each 
is  carefully  surveyed,  would  probably  not  disclose  a  great  difference 
between  them;  but  the  probabilities  are,  judging  from  a  study  of  the 
topographical  maps  of  the  United  States  Geological  Survey,  etc.,  that 
the  shoi'ter  line  will  be  found  to  be  by  way  of  the  continuous  canal. 

With  the  continuous  down-grade,  the  water  from  Lake  Erie  would 
practically  supply  the  canal  through  to  the  Hudson,  and  avoid  the 
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very  difficult  problem  of  i^rovicling  an  entire  water  supply  at  the 
Rome  Summit. 

It  is  to  be  remembered  tbat,  wbere  a  canal  passes  over  a  summit, 
tlie  -water  must  be  supplied  at  the  top,  and  each  boat  in  jjassing  over 
requires  a  supply  of  water  equal  to  the  horizontal  size  of  the  lock  mul- 
tiplied by  the  total  height  of  all  the  locks  ascended  or  descended. 

A  ship  canal  passing  over  the  Rome  Summit  Level,  from  Lake 
Ontario  to  the  Hudson,  requires  a  total  lift  of  183  +430  =  613  ft., 
and  all  the  water  for  operating  the  locks  in  either  direction  must  be 
supplied  at  the  summit. 

It  was  proposed,  in  the  Deep  Waterways  report,  to  make  a  moderate 
development  of  the  canal  through  western  New  York,  with  a  high 
level  from  Newark  to  Syracuse,  as  a  means  of  water  supply  for  the 
Mohawk  Valley  Summit, 

Now,  if  it  is  practicable  to  make  a  feeder  along  this  line,  then  it 
cannot  be  very  imjjracticable  to  make  the  feeder  into  a  canal,  and  the 
cost  of  the  first  construction,  and  the  maintenance  of  this  feeder 
afterward,  can  be  applied  in  the  first  cost  of  the  continuous  canal, 
which  will  be  self-feeding.  Lake  Ontario  may  be  fully  accommodated 
and  its  interests  as  thoroughly  developed  by  a  side  cut,  probably 
through  Oswego  and  the  Oswego  River,  as  it  would  if  all  the  business 
from  the  Upper  Lakes  was  compelled  to  pass  down  to  its  level  and 
then  be  raised  again  over  the  summit. 

With  the  necessary  water  supply  reduced  to  a  minimum,  and  it 
takes  much  less  water  for  the  through  business  if  the  unnecessary 
lockage  into  Lake  Ontario  is  avoided,  and  with  the  supply  of  water 
coming  from  a  source  as  constant  and  secure,  and  as  well  situated, 
as  that  of  Lake  Erie,  it  is  plain  that  this  route  desei'ves  more  atten- 
tion and  consideration  than  it  seems  to  have  received. 

With  the  work  in  the  hands  of  the  United  States  Government,  it 
can  certainly  atford,  if  it  builds  a  canal,  to  build  the  one  that  is  best 
and  most  desirable  for  the  whole  country,  and  cheapest  and  simplest 
to  operate. 

Elxatha^j  Sweet,  M.  Am.  Soc.  C.  E.  (by  letter). — These  papers, 
relating  to  the  same  propositions,  and  reaching  similar  conclusions, 
deepen  the  conviction  the  writer  has  held,  ever  since  bringing  this 
subject  to  the  attention  of  the  Society,  in  a  pajier  read  at  the  Buffalo 
Convention  in  1884,*  that  no  waterway  built  to  connect  these  waters 
can  hope  to  secure  great  commercial  importance  unless  it  can  accom- 
modate the  largest  vessels  navigating  the  Great  Lakes. 

In  a  communication  to  the   Times,   opposing  the  endoi'sement  of 

the  proposition  then  before  the  x^eople  of  New  York  to  authorize  the 

expenditure  of  $9  000  000  for  slightly  enlarging  the  State  canals,  the 

writer  urged  that   "the  expenditure  of  great  sums  of  money  for  so- 

*  Transactions^  Am.  Soc.  C.  E.,  Vol.  xix,  p.  37. 
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calleil  improvemeuta  of  the  ))resent  caual  were  to  be  (liHconra<?ed  as  Mr.  Sweef. 
wasteful,  aiul  because  they  tended  to  postpone  the  wise  and  states- 
inanlike  undertaking  of  a  deep-water  outlet  for  Lake  commerce." 

There  are  three  fundamental  and  controlling  elements  of  advantage 
in  the  deep  waterway: 

First. — The  elementary  physical  law,  that  the  resistance  to  motion 
in  vessels  of  like  model  varies  directly  as  their  immersed  surfaces, 
while  their  tonnage  varies  as  the  cubic  contents  of  their  immersed 
section,  ensures  enormous  economy  in  lai'ge  boats. 

Second. — The  obvious  and  controlling  advantage  of  passing  from 
terminal  to  terminal  without  transfer  of  cargo. 

Third. — A  large  fleet  adapted  to  the  navigation  of  the  deep  water- 
way already  exists,  while,  to  put  the  smaller  canal  into  operation,  a 
new  marine  equipment  must  be  created,  for  which  there  could  be  little 
use  elsewhere. 

Mr.  Wisner  makes  a  very  strong  argument,  showing  the  dispropor- 
tion of  benefit  to  cost  in  the  deepening  of  Lake  channels  and  harbors 
beyond  the  dej^th  of  21  ft.,  now  in  process  of  attainment  by  the  Gov- 
ernment engineers.  This  seems  to  the  writer  to  aflford  definite  author- 
ity for  fixing  the  depth  of  the  canal,  and,  in  the  light  of  the  extended 
experiments  made  since  1890  in  France  and  Germany  on  the  resistance 
to  traction  in  narrow  channels,  the  writer  thinks  that  the  making  of 
the  wet  cross-section  more  than  five  times  as  great  as  the  midship 
section  of  the  largest  vessel  it  is  intended  to  accommodate,  will  insure 
about  two-thirds  of  the  speed  secured  in  open  water  Tv-ith  the  same 
exi3enditiire  of  energy;  but  for  economy  of  movement  with  19  ft.  draft 
he  thinks  that  the  proposed  form  of  section  should  be  modified  by 
increasing  the  depth  2  ft.  and  narrowing  the  width  sufficiently  to 
secure  the  proposed  sectional  area  of  channels.  He  cannot  share  the 
sanguine  expectation  expressed  by  Mr.  Mayer  as  to  the  volume  of 
tonnage  likely  to  soon  seek  transportation  on  such  a  canal.  Its  chief 
function  will  be  the  transportation  of  freight  destined  for  Atlantic 
ports  and  for  export.  The  ore  and  coal  freights  which  form  so  large 
a  fraction  of  lake  tonnage  cannot,  under  present  conditions,  contribute 
business  to  this  canal. 

It  must  be  remembered  that  the  railroads  are  the  natural  and 
necessary  distributors  of  even  the  coarsest  and  heaviest  freight,  as  theii* 
side  tracks  reach  the  yards  of  all  large  manufacturers  and  consumers 
throughout  the  country.  A  large  part  of  the  tonnage  received  by 
lake  at  Buflalo  and  other  Lake  Erie  ports  is  destined  for  distribution 
in  the  interior  of  the  Eastern-Middle  and  New  England  States,  and 
this  freight  will  all  probably  continue  to  be  handled  from  Lake  ports 
by  the  railroads,  for  the  reason  that  the  branch  roads  making  this  dis- 
tribution are  controlled  by  railroads  reaching  these  Lake  Erie  ports, 
and  their  control  of  local  rail  rates  will  enable  them  to  route  this  busi- 
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Mr.  Sw(!et.  uftRS  through  from  these  ports  instead  of  from  points  farther  east  on 
tlu!  <!aaal. 

Tlien;  is  a  question  of  public  policy  to  be  considered  as  to  the  effect 
of  withdrawing  so  largo  a  part  of  the  business  of  the  railroads,  in  which 
so  large  a  part  of  the  capital  of  the  country  is  invested,  upon  their 
earning  caj^acity  and  the  rates  it  would  be  necessary  for  them  to  impose 
on  their  remaining  traffic. 

Account  should  also  be  taken  of  the  question  whether  all  freights 
may  not  ultimately  be  handled  more  cheaply  by  rail,  in  favor  of 
whicih  there  are  both  practical  results  and  theoretical  considerations. 

The  great  and  uninterrupted  decrease  in  unit-cost  of  railroad 
freight  transportation  during  the  entire  period  since  its  introduction 
may  be  cited  as  the  practical  result,  and  the  fact  that  the  resistance  to 
the  movement  of  rail  freight  varies  directly  as  the  velocity  and  on  ac- 
count of  the  lal)or  item  is  (within  limits  of  safety  to  track  and  equip- 
ment) cheaper  at  high  than  at  low  speeds,  while  the  resistance  of 
vessels  increases  at  a  rate  greater  than  the  square  of  the  rate  of  sjieed, 
and  is  absolutely  greater  than  the  rail  resistance  except  at  a  moderate 
rate,  may  '>)e  urged  as  the  principal  theoretical  consideration. 

The  fact  that  our  resources  are  growing  so  rapidly,  that  the  Lake 
Region  and  the  line  of  this  canal  furnish  the  most  suitable  field  for  a 
great  export  business  in  heavy  manufactures,  and  that  the  export 
freight  business  is  necessarily  carried  on  by  water,  make  it  probable 
that  both  the  railroads  and  the  canals  will  be  needed  in  a  future  not 
remote,  and  both  be  profitable. 
Mr.  Hunter.  W.  Hknijy  Hunter,*  M.  Inst.  C.  E.  (by  letter).— In  responding  to 
the  invitaticm  to  take  part  in  the  discussion  of  a  subject  of  such  world- 
wide importance,  the  writer  can  but  express  his  regret  that  lack  of 
time  and  pressure  of  official  engagements  have  rendered  it  impossible 
for  him  to  find  opjiortunity  for  the  close  and  detailed  study  of  the 
question  which  is  rendered  so  necessary  by  the  great  issues  involved 
in  it,  or  to  grasp  anything  more  than  the  outlines  of  the  different 
schemes  which  have  been  propounded:  though  in  this  particular  the 
papers  by  Messrs.  Mayer  and  Wisner  have  been  of  the  greatest  jiossi- 
ble  assistance. 

It  appears  very  clear,  to  many  outside  the  boundaries  of  the  United 
States,  that  the  time  has  arrived  in  which  it  is  essential,  even  in  the 
interests  of  their  own  country,  that  the  economists  and  engineers  of 
the  United  States  should  take  more  practical  cognizance  of  the  fact 
that  their  great  Republic  has  an  even  more  imjiortant  jiart  to  play  as 
an  integral  portion  of  the  human  family,  than  as  a  more  or  less  self- 
contained  community  (or  concourse  of  communities)  dwelling  alone, 
devoting  itself  to  the  development  of  its  own  resources,  and  the 
advancement  of  its  own  interests,  whether  material  or  moral. 


*  Chief  En^neer  to  the  Manchester  Ship  Canal;  President  of  the  Manchester  Asso- 
ciation of  Students  of  the  Institution  of  Civil  Engineers. 
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Tlio  ilatc  of  tlu>  iicc()iui)liHhni('nt  of  tlic  poet'H  droani  of  "Tlits  ])ar-  Mr.  lluntor 
liainont  of  iniiii,  tlio  fcdiM'iition  of  tlic  world,"  is  uh  far  off  as  evor;  yet, 
of  nations  as  of  individuals,  it  is  true,  and  is  hecoming  more  and  more 
ai)i)arent,  that  *'  No  one  .  .  .  liveth  to  himself,  and  no  one  dieth 
to  himself,"  for  the  interdependence  of  humanity  is  growing  nior(> 
an«l  more  jironouneod  as  ])opnlation  increases,  and  as  the  reserves,  in 
the  way  of  uncultivated  prairies  and  iinwatered  step])es,  are  beinj^ 
brouf^ht  into  use  for  the  benefit  of  man. 

Interdependence  involves  intercommunication :  The  one  is  a  ques- 
tion for  the  economist,  the  other  a  matter  for  the  engineer;  the  present 
danger  is  that  in  each  case  too  narrow  a  view  may  be  taken,  either  of 
the  responsibilities  of  the  position,  or  of  its  possilnlities. 

The  i)roblem  of  the  future,  the  not-far-distant  future,  will  resolv(^ 
itself  into  the  liroad  question  of  the  supply  of  food  to  the  ra])idly 
increasing  masses  of  mankind.  Civilization  is  becoming  effective  at 
last,  and  the  result  is  that  population  is  gi'owing  at  an  unprecedented 
rate,  so  much  so  that  the  academical  question — the  question  of  the 
theorists — of  former  generations,  as  to  the  sufficiency  of  the  earth  for 
the  support  of  her  children,  will  soon  loom  largely  on  the  horizon  of 
practical  politics,  and  men  will  have  to  rouse  themselves  to  deal 
■with  it. 

If  this  were  admitted  and  its  significance  realized,  proposals  for  con- 
structing barge  canals,  or  even  ship  canals  of  insignificant  depth, 
between  the  Atlantic  seaboard  and  the  Lakes  which  form  the  natural 
center  of  one  of  the  greatest  food-jiroducing  districts  on  the  earth, 
would  drop  into  the  limbo  of  "  lost  causes  ";  the  insufficiency  of  either 
one  or  the  other  would  become  so  manifest. 

The  first  and  greatest  of  the  means  of  intercommunication  on  our 
planet  is  of  Nature's  providing,  is  tt^e  ocean;  whether  in  the  East  or  in 
the  West,  the  sea  is  the  trunk  highway  for  mankind;  and  the  primary 
object  to  be  sought  in  the  projection  of  a  waterway  originating  on  the 
seaboard,  and  consisting,  as  is  generally  the  case,  (a)  of  the  improve- 
ment of  a  river,  lb)  of  the  formation  of  a  canal,  should  be  the  carrying'of 
the  sea  as  far  into  the  interior  as  is  reasonably  possible;  for  the  farther 
the  sea  is  carried  into  the  interior,  the  greater  will  be  the  benefit  to  the 
district  affected,  and  the  more  marked  will  be  the  ultimate  success  of 
the  waterway. 

The  Manchester  Ship  Canal  furnishes  an  example  of  a  waterway  of 
this  class.  The  terminal  docks  are  50  miles  inland  from  the  coast  line, 
a  distance  which  is  covered  by  15  miles  of  estuarial  and  river  improve- 
ment, and  35  miles  of  canal  construction,  construction  which  was 
carried  out  in  the  midst  of  a  dense  population,  in  the  teeth  of  bitter 
and  prolonged  opposition,  and  in  despite  of  a  crowd  of  ancient  rights 
and  vested  interests,  which  are  always  short-sighted,  inert,  and 
desperately  opposed  to  progress,  but  which,  in  a  country  like  Great 
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ir.  Hunter.  Britain,  must  be  reckoned  with,  must  in  some  cases  be  conciliated,  in 
others  coerced.  Either  process  costs  money,  hence  the  Manchester 
Canal  cost  more  than  it  should  have  cost,  to  which  cause,  added  to 
that  presented  by  the  obstructions  thrown  in  the  way  of  its  working^ 
by  the  same  vested  interests,  is  due  the  fact  that  up  to  the  present 
time  it  has  returned  no  reward  in  the  shape  of  dividend  to  its  original 
shareholders. 

This  fact  had  led  pessimistic  persons  to  the  conclusion  that  the 
canal  has  failed  in  the  accomplishment  of  the  purpose  for  which  it  was 
promoted  and  constructed.  There  never  was  a  greater  fallacy,  a 
greater  error.  A  prominent  public  man  in  Manchester,*  the  head  of 
one  of  the  largest  manufacturing  firms  in  England,  has  declared  again 
and  again,  and  has  met  with  no  one  bold  enough  to  deny  his  jiroijosi- 
tion,  that  the  citizens  of  Manchester  are  receiving  more  than  20^  per 
annum  for  the  S25  000  000  which  the  city  invested  in  the  canal,  while 
directly  and  indirectly  the  canal  has  influenced  for  good  a  district  in. 
which  the  population  is  more  dense  than  in  any  other  on  the  face  of 
the  globe,  and  has  sensibly  advanced  the  welfare  of  some  10  000  000 
human  beings.  At  the  same  time  ti'ade  is  growing,  developments  are 
accruing,  terminal  facilities  are  being  increased  and  extended,  and  the 
cost  of  handling  traffic  diminished  to  such  a  degree  that  there  is  every 
prospect  of  a  return  being  made  ultimately,  even  to  the  patriotic  share- 
holders who  put  their  money  into  the  undertaking. 

The  depth  to  which  the  Manchester  Ship  Canal  was  constructed 
was  26  ft.,  but  the  sills  of  all  the  locks  were  put  down  to  28  ft. 
Steamers  of  a  dead-weight  capacity  of  10  000  tons  are  now  traversing 
the  canal  regularly,  and  others,  still  larger,  are  projected.  Thus  it  is 
clear  that  the  deepening  of  the  waterway  to  28  ft.  will  have  to  be  taken 
in  hand  at  no  distant  date,  for  the  course  of  trade  is  now  such  that 
large  steamers  can  run  and  prove  themselves  profitable  to  their 
owners,  where  small  or  even  moderate-sized  vessels  cannot  live. 

Applying  this  experience  to  the  case  under  discussion,  which  is 
re'ally  not  one  of  carrying  the  sea  inland,  so  much  as  it  is  one  of  join- 
ing two  seas,  or,  in  other  words,  of  severing  an  isthmus,  it  would 
appear  that  a  dead-weight  capacity  of  8  600  tons  for  the  ocean-going 
steamers  proposed  to  be  sent  on,  via  the  new  waterway,  to  Chicago, 
would  be  insufficient.  Sach  steamers  would  hardly  compete  now  with 
the  large  and  improved  boats  which  are  continually  being  launched, 
and  in  twenty  yeai-s' time  they  would  be  altogether  out  of  the  running. 
If  the  canal  were  formed  with  a  depth  of  24  ft.  in  the  first  instance,  and 
all  lock  sills,  syphons,  and  other  works  which  would  limit  the  possi- 
bility of  future  deepening,  were  put  down  to  30  ft.,  it  is  probable  that 
the  waterway  would  meet  the  world's  needs  for  the  next  half  century, 
which  is  all  that  can  be  required. 

*  Mr.  Reuben  Spencer,  the  head  of  the  firm  of  John  Rylands  &  Co. 
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The  regiiliitiou  spoeJ  of  vessels  ou  the  Manchester  Caual  is,  as  Mr 
stated  by  Mr.  Wisner,  6  miles  jjer  hour,  but  licenses  are  issued  to 
steamers  i)erniittiug  them  to  run  at  the  rate  of  H  miles,  as  experience 
has  proved  that  at  this  speed  uo  sensible  amount  of  injury  is  caused  to 
the  banks  by  wash;  the  licenses  are,  therefore,  granted  as  a  matter  of 
course,  there  having  l)een  only  one  instance  in  which  the  writer  has 
had  to  refuse  his  consent  to  the  issue,  and  that  was  in  the  case  of  a 
large  paddle  steamer  (an  undesirable  craft  on  a  canal),  which  was 
already  really  running  at  the  rate  of  over  8  and  wanted  to  run  10  miles 
per  hour.  There  need,  therefore,  be  uo  api^rehension  as  to  the  safety 
of  the  estimate  of  8  miles  per  hour  as  the  average  speed  of  large 
steamers  on  the  proposed  Lakes  Canal. 

The  writer  Avould  like  to  add  one  observation  in  respect  of  the 
argument  that  if  the  Lakes  Canal  were  really  required  "the  play  of 
economic  forces  "  Avould  be  sufficient  to  bring  about  its  construction. 
The  economic  theories — or  principles,  if  the  word  is  preferred — of  one 
age  become  the  fallacies  of  another,  as  life  becomes  more  complex,  and 
the  interdependence,  to  which  reference  has  already  been  made, 
grows  more  complete.  From  this  proposition,  if  sound,  it  follows  that 
strict  adherence  to  theories  as  to  demand  and  supply,  as  if  these 
theories  were  natural  laws  which  could  not  be  broken  with  impunity, 
w^ould  inevitably  arrest  the  advance  of  civilization  and  the  j^rogress  of 
the  human  race. 

The  ordinary  investor,  as  such,  is  neither  a  philanthropist  nor  a 
patriot — he  does  not  think — nor  indeed  is  it  possible  for  him  to  think, 
except  in  a  secondary  way,  of  the  good  of  mankind,  of  which  he  is  a 
jsart,  or  of  the  welfare  of  the  State,  of  which  he  is  a  subject.  On  the  con- 
trary, his  operations  are  governed  wholly  by  the  prospect  of  return  for 
his  investment  in  the  form  of  interest  upon  his  cajjital.  It  is  clear, 
therefore,  (1)  that  public  works  of  the  first  magnitude  — arterial  lines 
of  communication  and  the  like— which  are,  in  the  first  place,  for  the 
public  benefit,  can  present  little  of  attractiveness  to  the  investor,  (2) 
that  such  works  will  never  be  made  put  of  private  money  (any  more 
than  ironclad  line-of-battle  ships  can  be  built,  or  coast  defenses  con- 
structed, out  of  private  money),  and  (3)  that,  as  it  cannot  be  denied  that 
they  are  a  necessity  for  the  public  welfare,  the  public,  that  is  to  say, 
the  State,  must  of  necessity  provide  the  funds  required  for  their  con- 
struction and  equipment;  and  this  despite  the  instinctive  tendency  of 
the  Anglo-Saxon  race  to  dejiend  in  these  matters  upon  private  enter- 
prise rather  than  upon  governmental  energy. 

In  the  opinion  of  the  writer,  the  advantages,  direct  and  indirect, 
which  woiild  accrue  to  the  citizens  of  the  United  States  from  the  con- 
struction of  the  canal  between  New  York  and  the  Great  Lakes  would  be 
so  profound  and  far  reaching,  and  the  increase  of  the  prosperity  of  the 
community  would  be  so  marked  that  the  Central  Government  would  be 
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Mr.  Hunter,  justified  in  forming  tlie  canal  and  in  throwing  it  open  to  the  trade  of 
the  world  at  the  smallest  possible  toll  charge;  he  claims  that  the  case 
of  the  Manchester  Ship  Canal,  and  of  the  benefit  -which  its  working 
has  been  proved  to  have  conferred  ujion  the  greatest  manufacturing 
district  on  earth,  furnishes  a  firm  basis  for  this  oi^inion,  and  he 
desires  to  thank  the  American  Society  of  Civil  Engineers  and  the 
authors  of  the  papers  under  discussion  for  affording  him  an  ojjpor- 
tunity  of  expressing  it. 
Mr.  Hoech.  Theodor  G.  Hoech,  M.  Am.  Soc.  C.  E.  (by  letter). — The  report  of 
the  Xew  York  Canal  Commission  on  a  barge  canal  of  12  ft.  depth,  and 
other  studies  of  improved  Avaterways  between  the  Great  Lakes  and  the 
metropolis  on  the  Hudson  Eiver,  after  the  able  rejjort  of  Major 
Symons  recommending  a  barge  canal  12  ft.  deep,  cannot  fail  to  prove, 
even  to  a  distant  observer,  the  growing  interest  of  the  engineering 
profession  in  an  improved  waterway,  and  at  the  same  time  a  sentiment 
for  greater  dimensions  for  this  modern  canal. 

Not  being  able  to  check  the  figures  presented,  the  writer  may  be 
allowed  to  point  out  some  commercial  features  of  North  America's 
Atlantic  slope  affecting  inland  navigation. 

The  commercial  power  of  the  City  of  New  York  seems  to  be  so 
great  that  the  exporting  merchants  do  not  think  of  running  ocean 
steamers  up  the  Hudson  River  with  the  flood  current  to  meet  the  canal 
boats  as  far  inland  as  possible,  as  is  the  case  in  several  Euroisean  rivers. 
One  could  figure  out,  however,  that  the  cheapest  way  of  exporting 
western  goods  would  be  to  carry  them  by  barges  or  lake  steamers, 
say,  to  the  Hudson,  and  to  transfer  them  there  into  large  transat- 
lantic steamers.  It  is  to  be  considered  a  silent  but  great  comj^liment 
to  the  harbor  of  New  York  that  nobody  advocates  this  waterway  sys- 
tem, promising  the  cheajjest  rates  from  West  to  transatlantic  ports. 

New  York's  attractive  and  accumulating  power  seems  also  to  have 
prevented  the  commerce  from  passing  in  greater  degree  through  the 
Canadian  canals  of  14  ft.  depth. 

That  dominant  i?osition  of  New  York  will,  of  course,  be  of  deciding 
effect  on  the  final  solution  of  the  waterway  question,  and  the  fact 
should  not  be  overlooked  that  with  a  ship  canal  ocean  steamers 
would  pass  the  metropolis  of  the  Atlantic  Coast,  and  allow  European 
freighters  to  mn  into  the  Great  Lakes  as  far  as  Diiluth,  and  take  the 
grain  of  the  West  to  Europe,  without  transfer  and  harbor  exjjenses. 
It  does  not  seem  likely  that  New  York  will  part  with  the  many  petty 
charges  and  profits  derived  from  distributing  and  transferring  goods. 

One  may  safely  presume  that  the  City  and  the  State  of  New  York 
-will  construct  a  waterway  satisfactory  to  their  interests,  which  com- 
mercially will  be  of  the  same  kind  as  the  old  Erie  Canal — and  will 
strengthen  still  more  the  gi-eat  center  on  the  Atlantic  Coast.  It  is 
important  to  the  city  that  all  transfers  between  the  Lake  harbors  and 
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New  York  should  ho  done  away  with,  whih>  n'taiuiuf>;  the  transfer  busi-  Mr.  Hoeeh. 
ness,  aud  this  couditiDii  cau  bo  satisfied  by  a  hirge  barj^e  canal. 

In  (xerniany,  the  number  of  barges  — Seeleicbter — is  growing  rap- 
idly, and  these  barges  run  safely  from  the  Rhine  and  the  Dortmund- 
Ems  Canal  through  the  German  Sea,  aud  the  Kaiser  Wilhelm  Ship 
Canal  to  the  Baltic  Sea — tlie  Great  Lake  of  Northern  Euroi)e.  Besides 
these  towed  barges,  twenty-five  small  steamers  are  running  regularly 
from  Koeln  on  the  Rhine  to  London,  Hamburg,  Dantzig,  etc. 

The  growing  sentiment  for  greater  dimensions  for  new  canals  may, 
in  the  writer's  opinion,  lead  to  a  barge  canal  of  14  ft.  depth,  after 
some  further  discussion.  This  would  give  a  fair  field  for  competition 
and  comparison  between  small  freight  steamers  and  large  barges,  and 
the  results  would  be  watched  with  great  interest  everywhere. 

The  advantages  of  a  14-ft.  barge  canal,  which  would  take  care  of 
the  business  concerned  for  some  time,  may  be  stated  as  follows: 

First,  it  would  mean  a  great  step  in  advance  without  changing  the 
commercial  position  fundamentally,  and  the  canal  itself  could  be  con- 
structed in  two  parts:  With  a  deeper  canal  from  the  Mohawk  Valley 
to  Lake  Ontario  in  operation,  steamers  and  barges  could  make  use  of 
the  Welland  Canal,  allowing  the  time  for  building  the  Niagara  Canal 
and  the  fleet  of  standard  vessels. 

Secondly,  the  fleets  of  steamers  and  barges  woiild  be  enhanced  in 
value  on  account  of  the  two  outlets  to  the  ocean,  and  even  a  third  one 
from  Chicago  to  New  Orleans,  which  can  be  hoped  for. 

Without  strong  reasons  for  a  change,  the  dimensions  of  neighbor- 
ing waterways,  even  when  a  little  less  profitable,  should  be  accepted. 
The  Canadian  canals  may  keep  their  present  dimensions  for  many 
years  to  come,  and  the  ship  canal  from  Chicago  to  New  Orleans  may 
not  come  at  all,  for  two  reasons.  After  a  ship  canal  is  built  from  the 
Great  Lakes  to  the  Atlantic  Coast,  no  second  ship  canal  would  be 
needed  to  the  Gulf,  for  no  ocean  steamer  would  choose  such  a  long 
inland  w^aterway  in  competition  with  cheajD  river  steamers  and  still 
cheaper  barges.  But  a  deep  barge  canal  from  Lake  Michigan  to  the 
Mississippi,  and  another  one  from  Lake  Erie  to  the  Ohio  River,  would 
form,  with  the  Canadian  and  the  New  York  canals,  a  great  system  of 
uniform  waterways  opening  half  a  continent  to  steamers  and  barges  of 
standard  dimensions. 

Alfred  Noble,  M.  Am.  Soc.  C.  E.  {by  letter). — The  time  requii-ed  Mr.  Noble. 
for  the  i:)assage  of  a^ship  through  the  proposed  Deep  Waterway  is  per- 
haps  as   likely  to   provoke  discussion  as  any  point  in  Mr.  Wisner's 
l^aper.     The  writer,  having  taken  part  in  the  investigation  from  which  ' 

Mr.  Wisner's  conclusion  resulted,  will  present  an  ovitline  of  it. 

The  movement  of  a  ship  through  the  artificial  channels  of  the  Deep 
Waterway  would  be  obstructed  by  two  diflferent  sets  of  causes:  1st.  Re- 
duction of  speed  due  to  the  restricted  dimensions  and  curvature  of  the 
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Mr.  Noble,  waterway  and  the  meeting  of  ships  therein ;  and  2d,  delays  for  passage 
of  locks. 

Any  restriction  in  a  waterway,  whether  of  depth  or  width,  will 
cause  a  reduction  in  the  speed  of  a  ship  passing  through  it.  Lake  St. 
Clair  furnishes  an  example  of  a  waterway  where  the  restricted  dimen- 
sion is  depth,  the  width  being  several  miles.  The  logs  of  two  ships, 
each  loaded  to  within  2  ft.  of  the  bottom  of  this  lake,  showed  a  reduc- 
tion of  speed  of  16  to  18%,  as  compared  with  the  speed  of  the  same 
ships  in  the  deep  water  of  Lake  Huron,  While  data  on  this  point  are 
not  as  numerous  as  might  be  desired,  it  was  believed  to  be  on  the  safe 
side  to  assume  a  reduction  of  20%,  which  was  adopted  in  the  investi- 
gation referred  to.  New  data,  collected  since  the  close  of  the  investi- 
gation, confirm  those  used. 

If  the  width  of  the  waterway  is  also  restricted,  new  retarding  con- 
ditions result.  When  the  ship  moves  forward  its  length,  a  volume  of 
water  equal  to  its  displacement  passes  between  the  ship  and  the  bot- 
tom and  sides  of  the  waterway  to  maintain  the  water  level,  creating  a 
back  current.  If  the  speed  of  the  shiji  through  the  water  remains  the 
same  as  in  wide,  shoal  water,  its  speed  past  a  fixed  land  point  will  be 
reduced  by  the  speed  of  the  back  current.  In  the  investigation  this 
reduction  was  made,  although  the  amount  apj^eared  to  be  somewhat 
excessive,  because,  in  the  first  jilace,  the  projier  reduction  was  already 
in  part  provided  for  by  the  adopted  reduction  of  20%  for  the  effect  of 
shoal  water,  and,  in  the  second  place,  because  the  amount  of  water 
transferred  from  the  bow  of  the  ship  to  the  stern  was  calculated  as  the 
product  of  its  midshij)  section  by  its  length,  without  allowing  for  the 
reduced  sections  near  the  bow  and  stern.  The  calculated  back  flow 
was  therefore  too  great,  and  the  reduction  of  the  sjseed  of  the  ship  as 
taken  was  too  great. 

To  create  the  back  flow  and  maintain  it  past  the  ship  requires  a 
head  of  water  which  opposes  the  movement  of  the  shij).  This,  how- 
ever, the  investigation  showed  to  be  unimportant  in  the  wide  channel 
adoj)ted  for  the  waterway  and  with  the  speeds  to  be  permitted  in  it. 

These  reductions  of  speed  were  applied  m  the  case  of  a  ship  having 
a  speed  of  122  miles  per  hour  in  the  deep,  open  lake,  resulting  in 
speeds,  with  the  same  expenditure  of  power,  varying  from  8.2  miles  per 
hour,  in  the  ordinary  section  215  ft.  wide  at  the  bottom,  to  9.5  miles 
per  hour  in  a  channel  1  000  ft.  wide  at  the  bottom. 

An  investigation  of  this  kind  must  be  sujjported  by  experience,  to  be 
trustworthy,  and  therefore  the  actual  movement  of  ships  in  other  canals 
was  examined  with  great  care. 

Manchester  Canal. — The  bottom  width  is  120  ft.,  the  depth  26  ft., 
and  the  cross-section  is  about  4  400  sq.  ft.  in  earth  sections.  In  a 
paper  presented  to  the  Vllth  International  Congress  on  Na\'igation, 
in  1898,  the  Chief  Engineer,  Mr.  W.  H.  Hunter,  gave  the  dimensions 
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of  a  number  of  vessels  which  traversed  the  canal  at  speeds  varying  Mr.  Noble, 
from  7.3  to  13.(5  miles  per  honr.  The  slower  rate  was  for  a  ship  255.3 
ft.  lou<»,  33.7  ft  beam,  drawing  17.(5  ft.  The  largest  ships  traversing 
the  caual  are  about  450  ft.  long  and  50  ft.  beam.  The  writer  agcom- 
panied  one  of  the  ships  for  several  miles  and  carefully  noted  its  speed. 
It  was  loaded  to  \\athin  a  few  inches  of  the  canal  bottom,  and  there- 
fore steered  badly,  requiring  the  aid  of  tugs,  but  the  speed  reached  6 
miles  per  hour.  In  the  consideration  of  the  permissible  speed  in  a 
waterway,  either  from  a  theoretical  or  practical  standpoint,  the  ratio 
of  the  area  of  the  ship's  immerse!  cross-sectiou  to  that  of  the  water,  is 
a  controlling  feature.  In  the  case  of  the  ship  just  mentioned  the  area 
of  the  cross-section  of  the  waterway  was  3.7  times  the  immersed  cross- 
section  of  the  ship.     This  ratio  will  be  designated  r. 

Suez  Canal. — When  opened,  and  for  many  years  afterward,  the 
bottom  width  of  the  Suez  Canal  was  72  ft., and  ships  were  ijermitted  to 
move  at  the  rate  of  6.2  miles  j^er  hour.  The  value  of  r  for  the  larger 
ships  was  probably  a  little  greater  than  3.  The  bottom  width  of  the 
standard  section  of  the  Deep  Waterway  is  almost  exactly  three 
times  as  much,  and  the  cross-section  of  the  largest  ships  traversing 
it  will  probably  not  be  as  great.  If  the  comijarison  be  made  by 
means  of  the  ratio  r,  its  value  for  the  largest  ships  expected  in  the 
Deep  Waterway  will  be  5.5,  instead  of  3,  as  at  Suez.  Whether  the 
comparison  of  these  ratios,  or  of  bottom  widths,  be  made,  a  speed 
of  8.2  miles  per  hour  in  the  Deep  Waterway  will  aj^pear  to  be  much 
safer  than  one  of  6.2  miles  in  the  Suez  Canal. 

As  to  the  practicable  rate  of  speed  and  degree  of  security  attain- 
able in  an  ai'tiflcial  waterway,  no  better  example  can  be  cited  than  the 
St.  Clair  Flats  Canal,  where  serious  accidents  seldom  or  never  occur. 
This  is  believed  to  be  the  most  crowded  waterway  in  the  world.  The 
maximum  speed  j^ermitted  by  regulations  is  8  miles  per  hour,  but  the 
largest  freight  steamers  frequently  pass  at  a  higher  rate;  the  largest 
passenger  ships  attain  a  rate  of  11  to  13  miles  per  hour  and  a  sjjeed  of 
15.4  miles  per  hour  is  of  record. 

With  these  examples  in  view,  thfe  speed  of  8.2  miles  per  hour  in  a 
straight  waterway  of  215  ft.  bottom  width  ajjpears  moderate.  The 
width  is  to  be  increased  on  all  curves  of  less  than  12  000  ft.  radius, 
the  widening  being  1  ft.  for  each  reduction  of  200  ft.  in  the  radius.  A 
reduction  of  permissible  speed,  equal  in  miles  per  hour  to 

1.5  X  degree  of  curve, 
is  made  in  the  standard  canal  section,  the  reduction  being  reduced 
where  the  bottom  width  is  greater.     While  this  allowance  is  purely 
arbitrary,  it  is  believed  to  be  suflBcient. 

In  the  Suez,  and  other  very  narrow  waterways,  one  of  two  meeting 
ships  ties  up.  This  is  not  found  necessary  in  the  artificial  channels  in 
the  Great  Lakes  system,  but  the  speed  of  both  ships  is  reduced.    In  the 
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Mr.  Noble.  300-ft.  channels  of  the  St.  Mary's  River,  where  the  channel  banks  are 
submerged,  the  regulations  provide  that  the  speed  of  both  ships  shall 
be  reduced  to  6  miles  from  a  permitted  speed  of  9,  and,  excepting  in 
special  localities  where  the  cui-rent  is  very  strong,  this  has  been  found 
sufficient.  In  the  somewhat  narrower  channel  of  the  Deep  Waterway 
the  assumed  reduction  of  speed  is  to  about  4  miles  per  hour.  The 
number  of  meetings  is  deduced  from  an  assumed  traffic  of  25  000  000 
registered  tons  annually  carried  in  ships  averaging  2  500  tons  net  reg- 
ister, or  10  000  ships  jjer  year.  This  discussion  thus  far  relates  to 
channels  in  earth.  Objection  may  be  made  that  in  channels  in  rock 
with  rough  sides  such  speeds  would  be  dangerous.  The  reply  to  this 
would  be  that  no  such  channels  are  contemplated.  In  rock  the  bottom 
width  is  to  be  increased  and  the  sides  made  vertical,  by  channeling 
machines  where  the  rock  is  sound,  and  by  retaining  walls  where  these 
are  necessary. 

The  delays  at  locks  will  not  be  discussed  here  in  like  detail; 
briefly,  the  allowance  for  these  delays  is  based  on  ample  experience 
at  the  St.  Mary's  Falls  Canal  in  the  movement  of  ships  and  the  other 
ojDerations  of  locking.  In  addition  to  this  a  considerable  period  has 
been  allowed  arbitrarily  for  delays  at  lake  jjoints  where,  after  storms, 
vessels  may  occasionally  arrive  more  rapidly  than  they  can  be  i^assed 
through  the  next  lock,  and  for  smaller  delays  at  each  intermediate  lock. 

In  designing  this  waterway  the  view  has  prevailed  that  it  would  not 
be  worth  making  unless  it  were  adapted  to  more  speedy  navigation 
than  the  principal  foreign  canals.  A  much  wider  prism  and  better 
lock  facilities  are  therefore  provided,  and  it  is  confidently  believed 
that  the  estimates  of  time  required  for  jmssage  through  it  will  stand 
investigation, 
ir.  Haupt.  Lewis  M.  Haupt,  M.  Am.  Soc.  C.  E.  (by  letter). — These  papers 
open  up  a  broad  field  for  diseiission,  not  only  in  engineering  and 
economics,  but  in  administration  and  statecraft. 

Mr.  Randolph's  succinct  discussion  contains  much  in  little,  and  is 
certainly  a  sagacious  compromise,  as  it  makes  provision  for  the  pro- 
gressive expansion  of  the  cajiacity  of  the  waterway. 

Experience  has  invariably  demonstrated  the  inadequacy  of  rigid 
dimensions  to  keep  pace  with  the  growing  demands  of  commerce  and 
the  necessity  of  a  flexibility  which  will  adapt  itself  to  the  raj)id  growth 
of  tonnage. 

As  early  as  1847  (before  the  Sault  Canal  was  seriously  thought  of) 
the  late  J.  J.  Abert,  Hon.  M.  Am.  Soc.  C.  E.,  Colonel,  U.  S.  Topo- 
graphical Engineers,  discussed  the  "  Probable  Increase  "  of  the  Lake 
trade,  in  an  official  report  to  Mr.  Marcy,  Secretary  of  "War,  in  which  he 
said  :* 

"  It  is  difficult  to  approach  this  part  of  the  inquiry  without  fear  of 

*  Ex.  Doc.  No.  19.    Thirtieth  Congress.    H.  of  Rep.,  First  Session,  Jan.  13th,  1848. 
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jippearing  to  exaggerate.  Those  who  knew  these  Lakes  thirty  years  Mr.  Uaupt. 
ago,  ami  wlio  know  tliem  now,  will  admit  that  existing  facts  have 
bartioil  hnman  exi)ectations,  and  that  the  wildest  speculations  of  the 
imagination  have  been  more  than  realized  in  the  vast  increase  of  their 
commerce.  Then,  if  we  examine  into  the  elements  of  this  increase,  we 
can  perceive  no  I'eason  to  doubt  a  less  energetic  action  of  these  ele- 
ments, for  many  years  to  come,  than  has  been  realized  in  the  past." 

That  this  forecast  has  been  fully  justified  by  subsequent  events  is 
■confirmed  by  the  statements  of  General  O.  M.  Poe,  whose  investiga- 
tions of  the  tonnage  through  the  Lakes  Avell  qualified  him  to  state  the 
facts.     He  said : 

"For  thirty-five  years  I  have  watched  the  increase  of  the  Great 
Lakes  commerce,  but  neither  I  nor  anyone  else  has  been  able  to 
expand  in  ideas  at  the  same  rate.  The  wildest  expectations  of  one 
year  seem  absurdly  tame  by  the  side  of  the  actual  facts  of  the 
next." 

In  view  of  this  experience,  it  is  somewhat  surprising  to  read  that  so 
keen  a  statesman  as  Henry  Clay  opposed  Hon.  John  Norvell's  motion 
to  construct  this  canal,  in  1840,  by  the  statement  that  it  was  "a  work 
beyond  the  remotest  settlement  in  the  United  States,  if  not  in  the 
moon." 

Henry  Clay  evidently  did  not  know  of  the  latent  resources  of  the 
Lake  basin,  nor  the  relative  economies  of  water  ti'ansjjortation — and 
even  at  the  present  time  there  is  much  misunderstanding  as  to  the 
eflfect  upon  our  industrial  growth  due  to  increased  facilities. 

It  is  well  known  that  transportation  seeks  the  line  of  least  resist- 
ance (as  measured  by  the  total  cost  from  mine  to  market).  Tolls, 
transfer  and  terminal  charges  are  as  much  an  element  of  diversion  as 
are  j^hysical  obstacles.  The  Carnegie  (Company  is  now  making  efforts 
to  ship  direct  from  Lake  ports  via  the  Welland.  and  St.  Lawrence 
Canals,  after  making  the  overland  portage  by  rail.  "Were  the  Lake 
Erie  and  Ohio  Kiver  Ship  Canal  opened  it  would  not  only  greatly 
facilitate  this  movement,  but  it  would  also  augment  the  coal  tonnage 
to  Eastern  Atlantic  jjorts,  and  hence  it  would  seem  to  be  unwise  not 
to  make  provision  in  the  dimensions  of  the  canal  for  not  less  than 
between  15  000  000  and  20  000  000  cargo-tons  soon  after  its  opening  to 
tidewater.  There  is,  no  doubt,  much  truth  in  the  contention  of 
Major  Symons,  that  if  the  freight  once  reached  Lake  Ontario  it 
would  not  lock  uj)  over  a  high  divide  and  longer  route  to  maintain  the 
City  of  New  York  as  a  commercial  terminus,  but  would  be  switched 
off^m  the  Montreal  route;  but,  at  the  same  time,  that  would  seem  to 
be  no  reason  for  denying  to  the  densely  jjeopled  manufactui-ing  and 
productive  agricultural  districts  tributary  to  the  Lakes  the  advantages 
of  lower  rates  and  more  extensive  markets.  New  York  City  is  not  the 
United  States,  and  if  that  city  may  not  share  in  the  benefits  (which 
the  writer  does  not  admit  would  happen),  other  sections  should  not 
be  debarred  from  such  advantages. 
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Mr.  Haupt.  It  is  said  tbat  "if  built  by  the  United  States,  the  benefits  should 
all  accrue  to  the  United  States;"  and,  again,  "its  benefits  should 
accrue  only  to  the  United  States."  The  only  route  which  permits  this 
is  that  "along  the  line  of  the  present  Erie  Canal,"  and  hence  the 
prism  of  lesser  dimensions,  with  a  barge  system  of  carriers,  is  urged. 

But  can  the  beneficent  influences  of  a  canal  or  cheap  water  route 
be  restricted  to  any  country?  Do  not  the  waterways  of  France  and 
Germany  enable  our  exports  and  their  imports  to  permeate  every 
avenue  of  trade,  and  supply  points  not  otherwise  accessible  at  the 
same  rates,  to  the  benefit  of  our  producers?  If  our  shortest  and 
cheajjest  route  to  our  foreign  markets  lies  through  Canadian  waters, 
is  there  any  reason  why  our  producers  should  not  utilize  them  rather 
than  pay  for  transfers  and  storage  at  both  ends  of  a  broken  and 
circuitous  route? 

It  should  also  be  noted  that  the  stajile  products  of  a  State  tributary 
to  a  deep  water  route  are  quoted  higher  than  those  at  remote  points 
and  which  require  transhipments,  so  that  the  producer  reaps  the 
benefit  of  the  cheaper  route,  while  the  consumer  also  buys  at  a  lower 
price  because  of  the  economy  in  cost  of  carriage. 

Money  sj^ent  in  the  maintenance  of  an  expensive  system  requiring, 
say,  60%  oi  the  gross  income  for  operation  when  one  is  available  which 
can  be  maintained  and  operated  for  one-half  or  one-third  this  cost,  is 
extravagant.  It  has  been  estimated  by  Stevenson  that  the  value  of  a 
commercial  channel  varies  as  the  cube  of  the  depth,  while  the  economy 
of  bulk  movements  is  fully  sustained  by  the  rapid  increase  in  the  size 
of  ocean  freighters  and  the  demand  for  deeper  channels  to  carry  them. 

Many  minor  questions  suggest  themselves,  as  speed,  ratio  of  beam 
dimension  to  section  of  canal  trunk,  number  of  trips  per  annum,  cost 
of  plant  for  a  given  tonnage  movement,  etc.,  which  have  been  more  or 
ess  fully  treated  at  the  Navigation  Congresses  and  by  the  members  of 
this  Society,  so  that  it  is  not  desirable  to  review  them  here,  as  the  in- 
tention of  the  writer  is  merely  to  emphasize  the  need  of  making  early 
provision  for  the  largest  movement,  in  view  of  the  rapid  increase  of 
population  and  traffic  in  sight. 

It  does  not  appear  to  be  appreciated  that  by  the  year  1930  our 
population  will  have  almost  doubled,  and  that  we  are  increasing  three 
times  more  rajjidly  than  any  of  the  civilized  nations  of  the  world 
whose  statistics  are  available  to  the  writer.  Ordinary  prudence 
would  therefore  demand  that  early  provision  be  made  to  maintain  our 
freedom  of  internal  circulation,  and  the  creation  of  external  markets  to 
provide  employment  for  the  next  generation,  and  prevent  degenera- 
tion and  distress. 

During  the  past  century  each  decennial  ratio  has  shown  an  average 
decrease  of  -4-0-0  of  the  preceding  ratio,  yet  the  actual  numerical 
increase   of  population  has  gone    on   in    a  geometrical   ratio.      The 
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increase  dxirinp  tbe  past  decade,  for  example,  was  nearly  14  000  000,  Mr.  Haupt. 
or  more  than  tbe  entire  increase  from  the  discovery  of  America  to  1830, 
and  between  1920  and  1930  the  increase  should  be  about  25  000  000 
soiils.  Another  factor  which  will  au}<ment  greatly  the  commerce 
throiigh  the  enlarged  canal  will  be  the  opening  of  the  link  between 
Chicago  and  the  Mississippi  River,  now  being  urged  by  the  Illinois 
River  Valley  Association,  thus  bringing  the  waterways  of  the  Great 
Basin  into  unison  with  those  of  the  Lakes  during  the  season  of  navi- 
gation. This  is  not  so  remote  as  was  the  Sault  Canal  in  1840,  and  it 
is  one  of  the  great  and  urgent  improvements  required  by  the  present 
generation,  and  which  will  promote  the  future  of  our  great  Republic. 
Let  the  American  Society  of  Civil  Engineers  be  found  in  the  forefront 
of  all  these  great  movements  to  develop  our  commei'ce. 

Rudolph  Heking,  M.  Am.  Soc.  C.    E.    (by   letter). — The  relative  Mr.  Hering. 
merits  of  a  ship  canal  and  a  barge  canal  from  Lake  Erie  to  the  Hudson 
River  have  evidently  been  insuflficiently  demonstrated  to  enable  a  de- 
cision to  be  reached  at  present — a  strong  array  of  facts  and  talented 
arguments  still  appearing  on  both  sides. 

One  might  draw  the  inference  that  therefore  a  fail*  balance  exists 
between  the  two  projects,  and  that  the  total  advantages  are  nearly 
equal,  although  not  identical.  It  seems  more  probable,  however,  that 
there  is  as  yet  insufficient  knowledge  regarding  some  of  the  facts  which 
must  control  the  enterprise,  and  that  considerable  time  may  yet  elapse 
before  they  are  obtained. 

Regarding  the  cost  of  construction  there  should  not  be  much  dif- 
ference of  opinion,  if  a  definite  plan  is  once  established.  The  probable 
revenue,  on  the  other  hand,  is  a  speculative  sum,  and  neither  the 
authors  nor  some  of  the  discussors  seem  to  have  supported  their  as- 
sumptions with  sufficient  evidence  to  satisfy  either  the  capitalist  or  the 
legislator.  It  seems  to  the  writer  that  here  there  is  room  for  more 
facts. 

Leading  up  to  the  revenue  is  the  use  that  will  be  made  of  the  canal; 
and  this  depends  partly  upon  the  tolls  to  be  exacted  and  partly  upon 
the  speed  which  can  be  obtained. 

In  the  Kaiser  Wilhelm  Canal,  vessels  capable  of  making  16  knots 
per  hour  in  open  sea,  with  a  midship  section  equal  to  one-third  of  the 
canal,  and  using  the  same  power,  made  only  between  5  and  6  knots  per 
hour.  In  the  Suez  Canal,  the  Austral,  with  43  revolutions  of  the  screw, 
and  capable  of  making  a  speed  of  11  knots  in  open  sea,  made  only  5 
knots  per  hour.  We,  therefore,  cannot  rely  on  much  higher  speeds 
than  these  for  large  vessels,  even  in  a  ship  canal  such  as  the  one  pro- 
posed, which  fact,  in  addition  to  those  mentioned,  affects  the  probable 
revenue. 

The  suggestion  that  steamers  from  the  Upper  Lakes  would  go  to 
Europe  via  the  St.  Lawrence  River,  that  is,  through  Canada,  instead 
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Mr.  Hering.  of  via  New  York  City,  does  not  seem  to  the  writer  to  argue  against  the 
ship  canal,  any  more  than  a  statement  that  the  Michigan  Central  Rail- 
road, passing  from  Buffalo  to  Chicago  through  Canada,  would  injure 
our  national  interests.  Why  should  not  a  United  States  steamer,  as 
well  as  a  railroad  tr<ain,  pass  through  Canada?  The  section  from  Lake 
Ontario  to  New  York  would  have  to  depend  largely  on  the  business  in- 
tended for  the  Atlantic  Coast.  It  may  not  be  improbable  that  even  the 
Gulf  Coast  could  be  supplied  more  economically  by  such  a  ship  canal 
from  the  Lakes,  and  without  transfer,  than  by  the  Mississippi  Valley 
or  by  rail. 

One  reason,  not  already  suggested,  why  jjrivate  capital  prefers  in- 
vestments in  railroads  to  long  canals,  may  be  the  fact  that  the  capital 
required  is  very  much  larger.  The  investor  is  not  much  interested  in 
the  other  fact,  that  the  running  expenses  are  much  larger  for  railroads 
than  for  canals. 

George  W.  Eaftee,  M.  Am.  Soc.  C.  E.  by  (letter). — i\Ir.  Hinds  writes 
approvingly  of  the  continuously -descending  canal  from  Buffalo  to  the 
Mohawk  Valley,  but  it  seems  clear  to  the  writer  that,  had  he  possessed 
more  extensive  information  as  to  the  difficulties  of  the  route,  this 
project  would  not  have  received  his  approval.  In  the  end  it  will  pass 
into  the  realm  of  impractical  projects,  which  have  only  gained  im- 
portance so  long  as  the  conditions  were  unknown. 

The  writer  was  Consulting  Engineer  to  the  Canal  Committee  ap- 
pointed by  Governor  Roosevelt.  This  Committee  began  by  assuming 
that  a  continuously-descending  canal  was  in  every  way  a  meritorious 
project,  and  hence  directed,  first  of  all,  that  it  be  examined  in  detail. 
It  soon  appeared  that  there  were  two  routes,  as  follows:  (1)  A  south- 
ern route,  which  i^assed  to  the  south  of  Seneca  River;  (2)  A  northern 
route,  passing  to  the  north  of  that  stream;  and  finally,  a  route  which 
was  not  continuously-descending,  via  Seneca  River  itself.  The  southern 
route  is  the  one  suggested  by  Elnathan  Sweet,  M.  Am.  Soc.  C.  E.  On 
very  casual  examination  it  apjjeared  certain  that  this  route  involved  very 
great  difficulties  for  the  entire  distance  from  Newark  (the  proposed 
point  of  diversion;  to  near  Syracuse,  a  distance  of  over  50  miles.  The 
country  is  sand  and  gravel,  with  absolutely  no  stone,  while  at  Syracuse 
there  is  a  very  heavy  cut  to  be  made.  The  Montezuma  marsh  is  also 
encountered.  Even  for  a  12-ft.  canal  the  estimate  for  58  miles  was 
$29  000  000. 

The  southern  route  having  turned  out  to  be  exceedingly  expensive, 
a  route  to  the  north  of  Seneca  River  was  then  examined.  The  region 
here  is  of  the  same  general  character  as  to  the  south,  except  that  the 
Montezuma  marsh  is  avoided.  There  would  be  a  crossing  of  Seneca 
River,  a  short  distance  east  of  Baldwinsville,  which  would  require  a 
very  deep  and  heavy  foundation  for  an  aqueduct.  The  estimated  cost 
of  this  route  was  S22  000  000  for  about  58  miles. 


DISCUSSION:  CANALS  FROM  THE  LAKES  TO  NEW  YORK.      297 

The  bigli-level,  continuoiisly-descendinf?  canal,  bv  either  the  north-  Mr.  Rafter, 
•eru  or  southern  routes,  having  thus  developed  very  great  difficulties, 
the  writer  then  proposed  the  Seneca  River  route,  which  in  every  par- 
ticTilar  answers  the  requirements.  Space  will  not  be  taken  to  describe 
this  route  in  detail.  The  State  Engineer  informs  the  writer  that  his 
report  thereon  will  be  published  in  the  Annual  Report  for  1900,  which 
will  make  it  available  to  anyone  interested.  Attention,  however,  may 
be  directed  to  the  maps  which  accompany  the  report.  They  were  com- 
piled from  the  field  sheets  of  the  U.  S.  Geological  Survey  at  a  scale  of 
Ta'ooTT,  and  exhibit,  it  is  believed,  every  necessary  feature. 

In  addition  to  these  three  routes,  an  exten.sion  of  the  Syracuse 
level,  east  and  west,  was  examined.  The  total  distance,  carefully 
gone  over,  was  fully  300  miles.  Approximate  profiles  were  plotted 
for  the  several  routes,  and  it  is  believed  that  there  are  no  longer  any 
unknown  problems  in  the  country  from  Newark  to  Syracuse,  all  of 
■which  is  set  forth  in  the  report  in  considerable  detail. 

The  practical  conclusion  to  be  drawn  from  this  examination  is  that 
for  a  canal  of  the  dimensions  of  the  proposed  deep  waterway,  the 
project,  while  not  absolutely  impossible,  becomes  substantially  im- 
practical. There  are  ways  by  which  the  same  result  may  be  obtained 
so  much  cheaper  as  to  render  it  exceedingly  improbable  that  a  canal 
will  ever  be  carried  out  by  the  continuously-descending  route. 

The  locations  of  the  several  canal  lines  are  made  in  such  a  manner 
:as  to  bury  the  canal  below  the  present  surface,  as  far  as  possible,  thus 
insuring  freedom  from  embankment  breaks.  By  way  of  further  insur- 
ance, embankments  over  10  ft.  in  height  have  been  designed  with 
masonry  core  walls,  in  accordance  with  the  best  recent  practice.  Under 
10  ft.  in  height  they  have  been  designed  merely  with  paddle  walls. 
In  water-tight  materials,  the  puddle  walls  have  been  omitted. 

Some  question  may  arise  as  to  the  necessity  for  masonry  core  walls  in 
canal  embankments.  In  the  writer's  opinion,  they  are  necessary,  in  such 
large  construction  as  is  here  jjroposed,  as  an  absolute  guarantee  against 
breaks.  A  main  line  of  transportation — a  national  highway — should 
not  be  subject  to  the  possibility  of  broken  embankments,  with  conse- 
quent delay  of  all  traffic  for  5  to  15  days. 

In  order  to  show  the  experience  under  this  head  on  the  New  York 
State  Canals,  Table  No.  10  is  submitted.  This  table  includes  all  breaks 
reported  by  the  Superintendent  of  Public  "Works  from  1888  to  1898, 
inclusive,  except  for  the  year  1890,  for  which  the  data  are  not  at  hand. 

The  most  serious  break  was  that  at  the  Adams  Basin  on  the  Erie 
Canal,  in  1888,  which  stopped  all  navigation  between  Rochester  and 
^Buffalo  for  12  days. 

In  1891,  two  breaks  on  the  Erie  Canal  occurred  at  the  same  time — 
one  at  an  aqueduct  and  the  other  a  defective  embankment — which 
Tequired  10^  and  9  days,  respectively,  to  rej)air. 
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Mr.  Rafter.  TABLE  No.   ]0. 


Year. 

Number  of  breaks 
reported. 

Total  detention,  in 
days. 

Percentage  of  a 

navigation  season  of 

210  days. 

1888 

7 
4 
5 
5 
4 
6 
3 
2 
4 
11 

24 
14 
28 

7 
21 
10 
12 

6 
55 
74 

11.4 

1889 

6.5 

1891 

18.3 

1892 

3.3 

1893 

10.0 

1894 

4.8 

1895 

5.7 

1896 

2.9 

1897 

26.2 

1898 

35.2 

Totals  for  10  years 

51 

251 

Average  12.0 

In  1893,  a  break  of  an  embankment  of  the  Glens  Falls  feeder 
required  11  days  to  repair. 

In  1896,  there  were  two  breaks,  and  the  total  detention  was  only  6 
days.  One  of  these  breaks  was  on  the  Black  River  Canal  and  the  other 
on  the  Eastern  Division  of  the  Erie  Canal. 

In  1897,  a  serious  break  occurred  on  the  Forestport  feeder,  which 
required  38  days  for  repairs.  These  figures  are  included  in  the  total 
detention  for  that  year. 

In  1898,  the  total  number  of  breaks  was  eleven,  causing  a  total 
detention  of  74  days,  of  which  16  are  included  in  the  repairs  of  a  break 
in  the  Forestport  feeder  embankment  at  the  same  point  as  the  break 
in  1897.  With  the  exception  of  two  breaks  on  the  Champlain  Canal, 
all  the  other  breaks  of  1898  were  on  the  Erie  Canal,  the  total  deten- 
tion from  the  Erie  Canal  breaks  being  n3i  days.  The  Erie  Canal  breaks 
were  all  through  embankments,  and,  with  one  exception,  were  at 
points  where  culverts  pass  under.  The  detail  of  the  foregoing  breaks 
may  be  obtained  from  the  Annual  Reports  of  the  SuiDerintendent  of 
Public  Works. 

The  statements  given  in  the  Superintendent's  reports  show  that 
muskrats,  by  their  burrowing,  frequently  cause  embankment  breaks. 
So  far  as  known,  masonry  core  walls  are  the  only  effectual  remedy  for 
this  difficulty. 

Breaks  at  and  about  the  ends  of  locks  form  also  a  considerable 
l^roportion  of  the  whole.  The  carrying  of  a  concrete  core  wall  into 
the  embankments  at  the  lower  ends  of  locks  would  correct  this 
difficulty. 

A  strong  argument  for  the  additional  expenditure  required  to 
construct  core  walls  in  embankments  may  be  drawn  from  the  fore- 
going tabulation  of  the  number  of  breaks,  etc.,  from  1888  to  1898, 
inclusive.    Even  when  cases  like  the  Forestport  feeder  breaks,  in  1897 
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and  1898,  are  deducted,  the  clear  indication  is  that  embankments  Mr.  Rafter, 
without  core  walls  are  too  dangerous  for  a  great  through  transporta- 
tion line  such  as  is  here  ])roi)Osed.  Such  a  line,  to  be  satisfactory  to 
all  the  interests  using  it,  must  be  so  constructed  as  to  be  beyond  the 
mutations  of  ordinary  accidents.  It  would  be  difficult  to  make  any 
time-limit  contracts  with  the  possibility  of  delays  of  5  to  20  days 
caused  by  breaks. 

In  considering  the  foregoing  question  on  its  merits  it  must  be 
further  remembered  that  doubling  the  quantity  of  water  in  the  canal 
prism  makes  the  desti'uctive  eifect  of  breaks  at  least  fourfold  as  great 
as  at  present.  The  cost  of  repairs  and  damages  would,  therefore, 
become  very  large.* 

Taking  the  foregoing  into  account,  the  writer's  view  is  that  new 
work  should  include  estimates  for  masonry  core  walls  in  all  embank- 
ments over  10  ft.  in  height. 

K.  P.  J.  TuTEiN-NoiiTHENius,  M.  Am.  Soc.  C.  E.  (by  letter).— The  Mr.  Tutein- 
writer  agrees  with  Mr.  North  that  all  sea  commerce  is  not  carried  in  °  emus, 
ocean  leviathans,  but  that  fair  profits  may  be  made  by  smaller  vessels. 
Freighters  of  the  same  size  as  the  steamers  which  run  regularly  from 
Coin  and  Duisburg,  on  the  Rhine,  to  different  ports  on  the  North  Sea, 
and  are  said  to  pay  a  dividend  of  13%*,  would  probably  carry  freight 
advantageously  from  Duluth  to  New  York  if  a  canal  of  proper  dimen- 
sions existed  between  the  Lakes  and  the  Hudson. 

As  will  be  seen  by  Table  No.  11,  which  gives  the  dimensions  of  all 
the  marine  steamers  now  running  on  the  Rhine,  different  companies 
build  ships  of  different  lengths,  and  each  adheres  to  the  dimensions 
once  preferred,  which  seems  to  prove  that,  between  certain  limits,  all 
types  are  profitable.  For  example,  the  Hamburg  Steamship  Company 
in  1885  preferred  steamers  about  230  ft.  in  length,  and  the  new  vessel 
built  for  it  in  1899  is  of  almost  the  same  size,  while  the  Neptune  Com- 
pany (the  largest  owner  of  this  kind  of  steamers),  prefers  vessels  of 
less  length,  only  increasing  from  140  ft.  in  1890  to  170  ft.  in  1898. 

When  the  Rhine  is  at  an  extremely  low  level — which  seldom 
happens — these  steamers  cannot  load  to  their  full  draft,  and  part  of 
their  freight  is  then  stowed  in  barges,  which  the  steamer  tows  along- 
side, until  apiiroaching  the  ocean.  Then  this  supplemental  cargo  is 
transferred  to  the  steamer,  while  descending  the  river,  in  order  to  lose 
no  time  by  stopping.     The  barges  remain  in  the  river. 

The  great  pecuniary  advantage  of  not  transferring  freight  in  an 

intermediate  port  is  proved  by  the  fact  that  these  companies  make 

greater  profit  by  loading  their  small  marine  craft  at  Coin,  and  sending 

them  directly,  say  to  Hamburg,  than  by  building  large  barges,  such 

*  It  would  be  interesting  to  know  the  cost  of  repairs  to  breaks  and  the  ensuing  dam- 
ages for  the  last  40  or  .50  years,  or  since  the  enlargement  of  1835-62  was  fully  completed. 
Without  having  the  figures  at  hand  the  writer  has  little  doubt  that,  on  the  average,  the 
cost  of  such  breaks  would  have  paid  the  interest  on  the  first  cost  of  properly  constructed 
core  walls. 
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as  usually  carry  the  Rhiue  exports  to  Rottenlam,  where  the  freight  is 
trausferretl  to  ocean  steamers.  And  yet  these  barges  carry  freight 
very  economically,  some  being  even  328  ft.  long,  40  ft.  broad  and 
drawing  it  ft. ;  while  the  excellent  condition  of  the  lihine  estnai'y 
allows  ocean  steamers  of  any  size  to  enter  the  inland  port  of  Rotter- 
dam. 

Canals  of  sufficient  dimensions  are  not  only  a  boon  to  the  counties 
they  cross,  but  to  the  whole  country  at  large,  as  they  yai  an  efficient 
check  on  railway  tariffs.  For  this  reason  the  Netherlands  railway 
freight  tariffs  are  not  as  high  as  those  of  Belgium  and  Prussia,  where 
canals  cannot  compete  as  effectually  with  the  iron  road.  While  in 
Belgium  two-thirds,  and  in  Prussia  even  three-fourths,  of  the  railway 
earnings  are  contributed  by  the  freight  traffic,  in  the  Netherlands  the 
revenues  from  freight-carrying  do  not  amount  to  50%"  of  the  total 
income  of  the  iron  roads. 

Although  the  Dutch  canals  are  efficient,  they  still  leave  much 
freight  for  the  railroads,  as  shown  in  Table  No.  12.* 

Table  No.  12  shows  that  in  bulk  the  railways  carry  less  than  the 
waterways;  in  value,  the  first  are  favored,  which  is  natural,  as  articles 
of  great  value  more  easily  bear  the  higher  railway  rates. 

In  Table  No.  13,  the  imports  from  Prussia  during  the  same  year, 
189-4,  are  analyzed,  after  abstracting  that  part  of  the  imports  which 
only  traverses  the  Netberlauds.  It  shows  clearly  that  for  the  products 
the  waterway  is  often  chosen  even  though  a  greater  number  of 
consumers  is  reached  more  directly  by  rail;  for  strangers  are  mistaken 
in  thinking  that  a  Dutchman  always  lives  near  a  canal;  this  is  only 
true  for  i^arts  of  some  provinces. 


Mr.  Tutein- 
Nultheuius. 


TABLE  No.  12. 


Tons  of  1  000  kilograms  =  2  204  lbs. 

Total  of  imports  and  exports, 
1894. 

By  rivers  and  canals. 

By  road. 

Sailing 
vessels. 

Steam 
vessels. 

Common 
roads. 

Railroads. 

Imports  from  Prussia 

3  017  585 

4  440  483 

1  962  431 
1  619  959 

156  727 
292  777 

135  149 
129  421 

42  662 
113  415 

54  597 
62  324 

3  236  217 

Exports  to  Prussia 

944  533 

Imports  f  mm  Rplginm 

1020  076 

Exports  to  Belgium 

1  112  335 

*  Tables  Nos.  12  and  13  are  extracted  from  a  study  which  the  writer  published  in  the 
Dutch  Economist,  of  1896.  The  chosen  year,  1894,  offers  no  pecuUarities.  out  more  recent 
years  would  probably  show  an  increase  in  favor  of  the  river  transportation",  as  the  total 
number  of  vessels  entering  and  clearing  at  the  Prussian  frontier  increased  from  44  469  in 
1894  to  46  089  in  1899,  while  the  average  size  of  the  ships  was  almost  doubled. 
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TABLE  No.  13. 


Imports  from  Prussia,  for 

Tons  of  1  000  kilograms 
=  2  204  LBS. 

Value. 

domestic  use,  1894. 

By  river  and 
canal. 

By  railroad. 

By  river  and 
canal. 

By  railroad. 

Coal  and  fuel  (wood) 

1425  000 
167  000 
488  000 
38  000 
80  000 
137  000 
108  000 
43  000 

1000 
23  000 
10  000 

2  255  000 
32  000 

$3  550  OOfj 

850  000 

175  000 

325  000 

975  000 

9  325  0110 

8  725  000 

3  500  000 

50  000 
25  000 

$5  6';^  000 

Building  materials 

125  000 

Stone  for  river  works  (rip-rap).. 

22  000 
17  000 
163  000 
96  000 
52  000 

9000 
32  000 
4000 

175  000 

Ore 

425  000 

Manufactured  metal 

13  175  000 

Fabrics 

7  800(J00 

Agricultural  products 

2  275  000 

Item  from  the  Indies   and  the 
Orient 

1  350  000 

Manure      .   ...          

.=10  000 

Unclassified  freight 

400  000               3.50  000 

Totals 

2  520  000 

2682  000 

827  900  000 

$31  400  000 

In  conclusion,  although  it  is  evident  that  a  canal  from  the  Hudson 
to  the  Lakes  will  never  offer  such  facilities  as  the  Rhine,  the  -writer  is 
convinced  that  a  canal  better  adapted  to  modern  needs  than  the 
present  Erie  Canal  (which,  however,  considering  the  period  of  original 
construction,  is  a  masterpiece  not  equaled  in  Europe),  will  be  of  ines- 
timable value  to  New  York  and  to  the  counties  it  crosses.  It  will  also 
stimulate  the  railways  to  still  more  economical  management,  and  thus 
be  a  profit  to  everybody. 
Mr.  WeUs.  Lionel  B.  Wiudls,  M.  Inst.  C.  E.  (by  letter).— In  1900,  the  tonnage 
of  the  Manchester  Ship  Canal  reached  3  000  000  tons,  of  which  2  800  000 
tons  were  in  sea-going  shijis.  The  canal  was  constructed  to  accommo- 
date ships  of  3  000  to  4  000  tons,  but  ships  of  nearly  6  000  tons  gross 
have  been  built  for  the  exj^ress  purpose  of  trading  to  Manchester,  and 
do  so. 

The  largest  ship  which  has  hitherto  navigated  to  Manchester  is  the 
S.S.  Samoa,  6  839  tons  gross  measurement.  Her  cargo  included  20  000 
bales  of  cotton. 

The  heaviest  tonnage  delivered  on  the  quays  from  one  bottom  is 
between  6  000  and  7  000  tons.  These  large  shijis  make  5  knots  an  hour 
in  the  canal.  They  are  limited  to  this  speed,  but  smaller  ones  are  per- 
mitted to  steam  at  8  knots,  when  it  is  found  by  observation  of  the  par- 
ticular vessel  that  this  is  not  injurious  to  the  canal  banks. 

The  writer  has  passed  through  the  Suez  Canal  in  a  ship  329  ft.  by 
39  ft. ,  dra-nlng  21  ft.  of  water  and  having  a  gross  tonnage  of  2  200  tons. 
This  ship,  at  sea,  made  11  knots;  in  the  canal  she  was  driven  at  full 
speed  and  made  8  knots,  a  loss  of  27.2  per  cent.  The  regulation  limits 
speed  to  5.33  knots,  but  it  is  ignored  when  out  of  sight  of  the  official. 
At  8  knots  there  was  considerable  wash,  and  undoubtedly  the  banks 
were  injured. 
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In  1885,  tlio  writer  made  some  experiments  on  caual-boat  propulsion  Mr.  Wells, 
in  a  canal  iU)  ft.  wide  on  the  surface,  from  11  to  12  ft.  deej),  and  having 
a  sectional  area  of  about  700  sc^.  ft. 

The  trial  was  made  with  a  steam  tug  70  ft.  long,  12  ft.  8  ins.  wide, 
having  a  draft  amidships  of  5  ft.  3  ins.,  and  an  immersed  amidship- 
section  of  60  sq.  ft.  The  speed  on  a  lake  was  10\  miles,  and  in  the  canal 
7A  miles,  a  di-oji  of  20.8  i)er  cent. 

Over  the  same  course,  a  steam  launch  79  ft.  long,  7  ft.  9  ins.  wide, 
with  an  immersed  amidship-section  of  30  sq.  ft.  was  tried,  and  made  8^ 
miles  in  the  lake  and  7A  miles  in  the  canal,  a  drop  of  9.09  per  cent. 

L.  E.  CooLEY,  M.  Am.  Soc.  C.  E.  (by  letter). — The  following  notes  Mr.  Cooley. 
are  designed  to  present  some  data  on  the  relative  value  of  three  pro- 
jects for  a  waterway  from  Lake  Erie  to  the  Hudson  River,  in  resjject 
to  the  over-sea  trade  only,  as  the  conditions  may  be  assumed  at  some 
time  in  the  future  and  after  such  waterways  have  had  time  to  develoj) 
their  logical  relation  to  the  commercial  movement. 

The  conditions  are: 

(1)  Unlimited  ocean  navigation  extended  to  the  Lakes  by  works 

of  the  greatest  practicable  efficiency. 

(2)  Lake  navigation  extended  to  the  seaboard. 

(3)  Barge   navigation   in   barges  of  a  dead  freight  capacity  of 

2  500  to  3  000  tons.  The  project  now  under  consideration 
by  the  authorities  of  the  State  of  New  York,  for  barges  of 
a  capacity  of  1  000  tons,  is  regarded  as  entirely  inadequate 
and  as  holding  out  no  better  promise,  under  future  rail- 
way conditions,  than  the  Erie  Canal  has  experienced  under 
past  and  existing  conditions. 

The  writer  is  twice  on  public  record — in  the  report  signed  by  the 
Advisory  and  Consulting  Engineers  to  the  Committee  of  Investigation 
of  Expenditures  under  the  "  Nine  Million  Act  "  in  1898;  and  again,  in 
1899,  in  a  letter  to  the  "Roosevelt  Committee,"  headed  by  General 
Greene  (which  letter,  however,  was  mangled  in  publication). 

A  policy  of  i^rogressive  change  and  relocation  was  advised  for  the 
Erie  Canal  System,  on  the  basis  of  locks  for  six  canal-boats,  or  330x36 
ft.,  and  an  ultimate  development  for  a  barge  navigation  of  the  capacity 
herein  mentioned. 

The  writer  has  a  high  oi^inion  of  the  value  of  barge  navigation,  and 
for  nearly  fifteen  years  has  advocated  a  barge  route  from  the  Lakes  to 
the  Gulf,  with  locks  for  six  barges  in  one  tow,  on  a  depth  of  14  ft. 
This  has  been  the  declared  policy  of  the  State  of  Illinois  since  1889. 
Such  a  fleet  would  carry  15  000  tons  with  great  economy.  He  has 
never  considered,  however,  that  the  economy  could  approach  that  of 
the  single  hull  of  the  same  aggregate  capacity  in  any  trade  for  which 
the  single  hull  is  adapted. 
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Mr.  Cooley.  1.    ThkEE  WATERWAYS. 

(A)    Ocean. 

Lock,  660  X  72  X  32  ft. ,  for  shijjs  of  dead  freight  capacity  of 

21  000  net  tons. 
Equated  length  *  of  route,  Chicago  to  Xew  York,  1  900  miles, 

or  1  000  miles  from  Lake  Erie. 
First  cost,  8300  000  000. 

Interest,  maintenance  and  operation,  4:%,  or  S12  000  000  per 
year. 
(5)  Barge. 

Lock,  330  X  36  X  16  ft.,  for  barges  of  dead  freight  capacity  of 

3  000  net  tons. 
Equated    length  *   of    route,    Chicago   to   New   York,    1  600 

miles,  or  700  miles  from  Lake  Erie. 
First  cost,  SlOO  000  000. 

Interest,  maintenance  and  operation  45*0 ,  or  84  000  000  per  year. 

(Barges  capable  of  carrying  2  500  tons  on  14  ft.,  the  dex^th  proposed 

for  the  Lakes  and  Gulf  project,  with  locks  for  six  barges  and  tow 

boat;  cajDacity  on  10  ft.,  1  5U0  tons.     The  dimensions  are  fixed  on  the 

basis  of  six  Erie  Canal  boats. ) 

[C)   Coast  and  Lakes. 

Lock  depth  of  21  ft.  for  boats  having  dead  freight  capacity  of 
6  700  net  tons  for  sea-going  model,  and   8  000  tons   for 
Lake  model. 
Equated  length*  of  route,  Chicago  to  New  York,  1,800  miles, 

or  900  miles  from  Lake  Erie. 
First  cost,  §200  000  000. 

Interest,  operation  and  maintenance,  4,%,  or  88  000  000  per 
year. 

2.  Equivalent  Length. 
(Basis — Ocean  Navigation.) 

^ar^re.  —  Cost  of  carrying  1  mile  by  barge  taken  as  equivalent  to 
2 1  miles  by  ocean  carrier. 

Coast. — One  mile  equivalent  to  If  miles. 

Lake. — One  mile  equivalent  to  If  miles. 

Rail. — One  mile  equivalent  to  10  miles. 

Te7'minal  Equivalent. — This  is  taken  as  an  equivalent  to  2  500  miles  of 

ocean  carriage.     This  equivalent  measures,  in  miles  of  actual  carriage, 

the  time  in  jDort,  port  charges,  cost  of  stowing  and  discharging  cargo; 

in  fact,  all  costs  from  warehouse  or  other  earner  at  origin  to  warehouse 

or  other  carrier  at  destination,  as  distinguished  from  the  actual  cost 

en  route. 

*  The  equated  length  will  vary  with  the  normal  speed  in  free  water,  the  rate  allowed 
in  restricted  channels,  and  the  lock  time,  and  will  vary  with  the  treatment.  It  involves 
a  large  field  for  good  judgment. 
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TABLE  No.   14.— Equivalent  Ockan  CAimiAciE,  in   Statute  Miles— ^'r.  Cooiey. 

ChII'AOO    to    LiVEUl'OOL. 

(Ocean.  Xow  York  to  Liverpool,  3  500  -f-  2  500,  or  (5  000  statute  miles.) 


Means  of  transit. 

Equivalent  ocean. 

Rate  per  ton. 

Ocean  ( unlimited  waterway) 

7  900  miles 
11  775      •' 
11  425      " 
13  767      " 
16  963     " 

S1.580 

Coast  <21-ft.  wHterwayst 

2.355 

2.285 

Barge  and  ocean  i  one  transfer) .• 

2.593 
8.393 

Note.— Rate  t  iken  at  I  mill  per  ton-mile  for  the  actual  ocean  carriajie.  This  corre- 
spond.- to  Sl-2<1  between  New  York  and  Liverpool.  SI. 40  between  Huflfalo  and  New  York 
by  i-ail,  and  SO.Tti'  between  Chicago  and  Buffalo  by  Lake,  the  due  proportion  of  the 
intermediate  charge  being  included.  The  basis  of  comparison  is  the  sixth  class  of  the 
official  classification,  this  being  adopted  as  the  avei-age  of  all  freight  for  the  purposes  of 
anpjrtionment  in  the  Trunk-Line  Association.  Rates  in  the  sixth  class  usually  run  about 
20?^^  above  the  grain  rate.  The  average  of  Lake  freight  is  considerably  lower  than  sixth 
class. 

(i)  The  barge  can  earrv  1  500  miles  ratlier  than  resbip  bv  ocean- 
carrier,  and  2  600  miles  rather  than  reship  bv  Lake  carrier.  There- 
fore, it  will  do  a  direct  business  between  all  Lake  points  and  all 
Atlantic  Coast  points  permitted  by  navigable  conditions.  The  theory 
of  the  Lakes  and  Gulf  waterway  is  that  barges  can  work  between  Lake 
points  and  points  in  the  Giilf  of  Mexico  and  Caribbean  Sea. 

(2)  Lake  boats  are  not  considered  more  suitable  for  over-sea  work 
than  barges,  but,  under  siiitable  conditions,  they  will  deliver  direct  to 
coast  points.  The  sea-going  model  will  be  substituted  for  direct 
service  to  coast  points  remote  from  New  York. 

(3)  The  sea-going  coaster  can  carry  3  033  miles  beyond  New  Y'ork 
in  competition  with  a  Lake  boat,  re-shipping  to  an  ocean  carrier  at 
New  York.  It  would,  therefore,  reach  some  distance  beyond  the 
Nicaragua  Canal.  Such  boats  are  also  adapted  to  the  trade  of  many 
minor  foreign  ports  and  will  do  a  fraction  of  the  over-sea  business. 

3.  Length  of  Route. 

(a)  Export  wheat  in  1897  was  carried  a  mean  distance  of  4  400  miles 
from  all  Atlantic,  Gulf  and  St.  Lawrence  ports.  The  opening  of  the 
Nicaragua  Canal  will  increase  the  mean  freight  route;  4  400  miles  may, 
therefore,  be  taken  as  a  conservative  measure  from  New  Y'ork  for  all 
foreign  freight  movement  via  the  proposed  canal  route;  and  for  this 
estimate,  all  freight  passing  the  Nicaragua  Canal  may  be  treated  as 
foreign. 

{b)  The  mean  Lake  route  on  wheat  in  1897  was  877  miles,  and  this 
may  be  taken  for  all  freight  involving  reshipment,  for  the  ovei'-sea 
trade,  by  rail  or  Erie  Canal. 

(c)  The  barge  route  will  be  peculiarly  favorable  to  freight  originat- 
ing at,  or  destined  for,  Lake  Erie  ports  which  does  not  now  find  its 
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Mr.  Cooley.  way  to  water  routes  on  account  of  their  shortness.     The  mean  Lake 
route  for  this  condition  is  taken  at  700  miles. 

{(I)  The  mean  Lake  route  for  the  21-ft.  canal  may  be  taken  at  750 
miles. 

(e)  The  mean  Lake  route  for  the  ocean  carrier  may  be  taken  at  800 
miles. 

4.  Over-Sea  Movement. 
TABLE  No.  15. 


Relative. 

Actual. 

*1.00 
1.50 
1.90 
3.00 

t  8000  000 

Barge  and  ocean 

12  000  000 

15  200  000 

Ocean    

24  000  000 

*  It  is  presumed,  from  the  relative  freight  rate  for  over-sea  trade,  that  the  21-ft.  chan- 
nel ■will  not  produce  a  large  increase  over  the  barge  route,  as  re.shipment  is  involved,  ex- 
cept for  small  port  service.  The  ocean  channel  is  adapted  to  all  craft,  and  gives  Lake 
ports  all  the  advantages  of  seaports,  with  fuU  control  over  the  movement  in  tributary 
territorj'.  and  will  very  greatly  increase  the  movement. 

tThe  grain  reaching  tide-water  in  the  crop  season  of  1897  (Atlantic,  Gulf  and  St. 
Lawrence)  was  13  600  0<X)  tons,  and  the  Lake  movement  was  8  100  0(X)  tons.  The  export 
(fiscal  year,  1898)  was  10  .300  000  tons.  Over  28  000  000  tons,  about  70V  of  the  foreign  trade, 
was  handled  between  Portland  and  Norfolk.  The  Lake  grain  in  foreign  movement 
was  probably  6  000  000  tons.  The  total  foreign  movement  ( over-sea),  using  the  Lakes,  is 
taken  at  8  00"6  ()00  tons,  and  is  not  assumed  to  increase  with  the  continuance  of  existing 
conditions. 

5.  VAiiTJE  OF  Service  in  Ovek-Sea  Movement. 
TABLE  No.  16.— (Compiled  from  Sections  3  and  4.) 


"S 

be, 

Carrier. 

a 
^3 

tod 

If 

.2x 
^.2 

'^3  CO 

V  O 
3  o 

si 

«5 
2& 

•3^ 

^i 

§s 

PI 

»S 

Mg 

>  2 
<^  a 

w 

H 

O 

• 

Lake,  raU  and  ocean  . . 

17  935 

$3,587 

n.ooo 

8.0 

$0,000 

0.0 

0.0 

0.0 

Barge  and  ocean 

13  133 

2.627 

0.960 

12.0 

11.520. 

4.0 

7.520 

7.5^ 

Lake  and  ocean 

12  081 

2.416 

1.171 

15.2 

17.799 

8.0 

9.799 

4.9^ 

Ocean 

8  700 

1.740 

1.847 

24.0 

44.328 

13.0 

32.328 

lO.S^iir 

*  See  Section  1  for  capital,  interest,  maintenance  and  operation. 

Note.— The  Barge  or  Lake  Canal  will  make  a  better  showing  in  the  domestic  trade 
with  North  Atlantic  ports.  The  Lakes  and  Gulf  waterway  will  do  the  domestic  work 
between  the  Lakes  and  the  Gulf  and  Caribbean. 


6.     Lake  Territory — Unlimited  Ocean  Navigation. 

The  iDroportion  of  the  total  for  the  United  States  is  given  for  the 

following  items: 

TABLE  No.  17. 

Corn,  oats  and  wheat,  production,  1898 74  5% 

(Same)  shipped  out  of  country 82.9^ 

Population  in  1890 ^G.1% 

Railway  mileage,  1898 54.0% 

Railway  ton-mileage,  1898   55.2% 

Freight  originating  on  road,  1898 57.0% 

Economic  jjotential  (capacity  of  soil) 42.0% 
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The  foregoing  shows  the  intimate  relation  that  the  Lakes,  regarded  Mr.  Coolcy. 
as  arms  of  the  sea,  would  have  to  the  freight  proiluction,  and  justifies 
the  high  assumption  for  traflfic  under  the  conditions  of  ocean  naviga- 
tion. Neither  barge  nor  Lake  navigation  can  command  an  area  so 
extensive,  draw  so  large  a  proportion  of  the  freight,  or  create  so  much 
new  traffic. 

.     EXPLAXATIOX. 

The  assumption  of  2  500  miles  as  the  value  of  the  transfer  (measured 
in  terms  of  the  carrying  rate  for  ocean  navigation)  is  probably  too 
low,  and  it  certainly  is  much  higher  under  existing  conditions.  The 
necessary  cost  of  a  transfer  of  grain  may  be  taken  at  f  cent  per 
bushel,  including  therein  not  only  the  intermediate  charge,  but  that 
portion  of  the  rate  incident  to  the  transfer.  There  is  an  average  loss 
or  shrinkage  of  0.3  of  1%  on  grain,  and  more  on  package  freight, 
especially  cooperage.  All  these  may  be  assumed  at  25  cents  per  net 
ton  for  grain.  This  would  represent  30  cents  per  ton  for  sixth  class, 
or  average  for  all  freight,  taking  the  usual  tariff  rates  between  grain 
and  sixth  class.  This  is  equivalent  to  1  500  miles,  and  leaves  an 
entirely  inadequate  equivalent  for  time  in  port  and  port  charges. 

Lake  freights  are  seemingly  low.  This  is,  in  part,  due  to  the  way 
the  rate  is  made  up,  and  again,  to  the  very  low  class  of  average  Lake 
freight,  and  also  to  extraordinary  terminal  pro\'isions  for  certain  com- 
modities. It  is  assumed  that  these  special  conditions  will  not  obtain 
to  the  same  extent  in  a  foreign  movement,  and  that  any  advantages 
cannot  persist  indefinitely. 

CoNXiirsioxs. 

The  foregoing  presentation  does  not  assunie  to  be  more  than 
illustrative,  and  the  writer  will  not  feel  called  upon  to  defend  it.  The 
data  for  a  proper  and  final  discussion  in  these  matters  has  nowhere 
been  assembled  and  made  accessible,  nor  has  any  accepted  attempt 
been  made  to  exijound  first  principles.  The  writer  speaks  advisedly 
in  this  matter,  and  after  many  conferences  with  the  master-minds  in 
transportation  problems.  The  relative  value  of  different  projects  is 
not  now  capable  of  close  determination. 

The  writer  does  not  admit  the  validity  of  the  dividend  or  com- 
mercial valuation  as  a  measure  of  public  utility  in  any  public  enter- 
prise, and  especially  one  that  is  recognized  as  out  of  the  corporate 
field.  He  has,  however,  thought  it  expedient  to  follow  the  other  parties 
to  this  discussion,  and  avoid  an  essay  on  that  matter  at  this  time. 

The  writer  concludes  that  the  barge  proposition,  of  the  capacity 
which  he  has  given,  is  suijerior  to  the  proposed  extension  of  Lake 
navigation  to  the  seaboard.  He  also  concludes  that  ocean  navigation 
extended  to  the  Lakes  is  vastly  more  valuable  than  either,  and  will 
return  more  in  proportion  to  the  investment;  and  that  such  develop- 
ment will  become  an  economic  and  political  necessity. 
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Mr.  Mayer.  Joseph  Mayek,  M.  Am.  Soc.  C.  E.  (by  letter). — The  objections  to 
tbe  statements  made  in  the  writer's  paper  refer  to  the  practicable 
speed  and  safety  of  navigation  in  the  proposed  channel,  the  time  neces- 
sary at  terminals,  the  traffic  caijaeity  of  the  canal,  and  the  amount  of 
traffic  to  be  expected. 

As  regards  the  first  four,  the  writer  referred  to  the  United  States 
Canal  Commission  as  authority,  and  mentioned  the  experience  in  the 
St.  Clair  Flats  Canal,  which  is  of  the  same  dimensions  as  the  proposed 
ship  canal  and  is  dammed  off  from  the  shallow  water  at  its  sides. 

In  regard  to  the  safety  of  navigation  it  has  been  suggested  that  the 
great  length  of  the  proposed  canal,  which  has  102  miles  of  standard 
section  and  102  miles  of  canalized  river  of  much  greater  section,  may 
make  such  a  difference  that  the  experience  in  the  St.  Clair  Flats  Canal 
is  not  to  the  point.  Some  facts  taken  from  a  paper*  by  Sir  Charles 
Hartley,  M.  Inst.  C.  E.,  and  from  the  discussion  on  that  paper,  are 
therefore  added. 

The  Suez  Canal  was  originally  built  with  72  ft.  bottom  width,  and 
was  26  ft.  3  ins.  dee\:>.  It  was  then  deepened  to  27  ft.  10  ins.  at  low 
water,  and  enlarged  to  a  bottom  width  of  118  ft.  with  side  slopes  of  1 
on  2  in  some  places,  and  1  on  2i  in  others;  and  with  a  berm  on  which 
rests  the  stone  revetment  near  the  water  line  for  the  protection  of  the 
sloj^es.  A  further  widening  may  be  undertaken  in  the  near  future. 
The  stone  revetment  on  one  side  is  not  in  good  condition.  It  is  not 
intended  to  be  permanent,  and  has  not  been  built  as  well  as  that  on 
the  other  side. 

There  are  nine  sidings  49  ft.  wide  and  2  460  ft.  long,  for  the  pur- 
pose of  permitting  vessels  to  pass  each  other.  The  length  of  the  canal 
is  100  miles,  27  miles  of  which  are  lakes.  The  most  northerly  of  these 
lakes  and  the  longest  is  really  a  swamp  dammed  off  from  the  canal. 
Eight  miles  of  the  Great  Bitter  Lake  is  deeper  than  the  original  canal, 
and  permits  free  and  unrestricted  navigation  for  this  distance.  The 
other  lakes  are  of  very  small  extent.  They  are  shallow  and  contribute 
little  to  the  facilities  of  navigation. 

Vessels  going  in  the  same  direction  are  not  permitted  to  pass  one 
another.  In  spite  of  this  rule,  which  makes  the  speed  of  all  vessels 
nearly  equal  to  the  slowest,  the  average  duration  of  transit  is  17  hours 
22  minutes,  corresponding  to  a  speed  of  5.76  miles  i^er  hour.  The 
regulations  forbid  a  speed  greater  than  10  kilometers,  or  6.21  miles,  per 
hour.  The  sloj^e  protection  in  many  places  could  not  withstand  a 
greater  speed  without  harm.  There  are  observing  stations  at  consid- 
erable distances  ajiart,  where  vessels  are  not  allowed  to  pass  before 
the  lapse  of  the  time  corresponding  to  the  maximum  allowed  speed. 
Mr.  Lionel  B.  Wells,  an  English  engineer  who  passed  through  the 
canal  in  1898,  in  discussing  Sir  Charles  Hartley's  paper,  stated  that 

*  "A  Short  History  of  the  Engineering  Works  of  the  Suez  Canal,"  Min.  Proc.  Inst. 
C.  E.,  voL  cxli. 
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the    speed    limitatiuD    is    geucrally    disref^anleJ    between    observing  Mr.  Mayer, 
stations,  and  that  a  speed  of  8  knots  an  hour  is  frequently  attained 
for  short  distances. 

The  yearly  tratlic-  is  about  3  600  vessels  of  9  000  000  net  tons.  The 
tidal  current  in  the  southern  section  attains  sometimes  a  velocity  of 
2.9  miles  per  hour. 

Here  is  a  canal  which  carries  safely  an  enormous  traffic,  which  is 
half  the  width  of  the  proposed  canal  between  the  Lakes  and  New 
York,  and  in  which  there  is  a  strong  current.  It  has  about  the  same 
length  as  the  standard  section  of  the  latter.  It  does  not  appear  rea- 
sonable, therefore,  to  doubt  that  the  latter,  with  practically  no 
oui'reut,  will  furnish  a  safe  channel  for  a  very  much  larger  traffic. 

The  regulations  on  the  Kaiser  Wilhelm  Canal  between  the  Baltic 
and  North  Seas  allow  a  speed  of  9.3  miles  (15  kilometers)  j^er  hour  for 
vessels  of  less  than  16  ft.  5  ins.  draft,  and  7^  miles  (12  kilometers)  per 
hour  for  vessels  of  larger  draft.  The  standard  cross-section  of  this 
canal  is  4  520  sq.  ft. 

Mr.  Fiilscher,  an  engineer  on  this  canal,  in  discussing  Sir  Charles 
Hartley's  paper,  states  that  vessels  having  a  midship-section  of  not  more 
than  one-sixth  of  the  cross-section  of  the  canal  suffer  but  little  reduction 
of  speed  therein,  as  compared  with  their  speed  in  open  water. 

The  proposed  canal  between  the  Lakes  and  New  York  has  a 
standard  section  of  about  six  times  the  midship-section  of  the  vessels 
intended  to  pass  through  it. 

As  ai)pears  from  Mr.  W.  H.  Hunter's  discussion,  8  miles  an  hoiir  is 
a  speed  frequently  attained  on  the  Manchester  Shij)  Canal.  jMr. 
Elnathan  Sweet  also  substantially  confii'ms  the  estimate  of  speed 
adopted  by  the  writer,  and  bases  his  view  on  experiments  made  in 
recent  years  in  Germany  and  France. 

The  writer  has  assumed  a  sjjeed  of  7  miles  in  the  standard  section 
and  9  miles  in  canalized  rivers  of  much  wider  section.  It  is  evident, 
from  the  facts  stated,  that  speeds  of  1  mile  more  than  those  assumed 
would  have  been  more  neai-ly  in  accord  with  them. 

As  regards  the  time  spent  at  terminals,  two  cases  have  to  be  con- 
sidered :  Vessels  loaded  with  bulk  freights,  like  ore,  coal  or  grain,  can 
be  loaded  and  unloaded  by  special  machinery,  which  will  be  provided 
wherever  a  large  amount  of  freight  of  this  kind  is  to  be  handled. 
Experience  on  the  Lakes  shows  that  during  the  whole  navigation 
season  the  average  time  spent  in  harbors  is  about  3  days  per  round 
trip,  and  the  assertion  that  this  time  will  be  10  days  is  based,  not  on 
theory  or  experience,  but  on  unreasonable  prejudice.  Vessels  loaded 
with  miscellaneoiTS  high-class  freight  need  sjjend  not  more  than  1 
"week  per  round  trijj  at  terminals,  as  is  shown  by  the  records  of  the 
steamers  of  the  American  Line,  which  are  scheduled  to  make  one  round 
trip  between  New  York  and  Southampton  every  3  weeks. 
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The  writer's  esiimates  of  cost  referred  to  low- class  bulk  freights, ' 
and  not  to  high-class  freights.     The  difference  in  cost  between  the 
different  classes,  however,  would  not  be  more  than  on  railroads. 

Transfer  of  bulk  freights  to  other  vessels  becomes  superfluous  as 
soon  as  a  ship  canal  exists,  as  there  is  no  necessity  of  adhering  to  the 
present  expensive  mode  of  transporting  bulk  freights  from  the  West 
to  Europe,  or  points  on  the  Atlantic  Coast  which  cannot  be  reached 
by  canal-boats. 

Kegarding  the  capacity  of  the  canal  proposed,  the  estimate  of  the 
United  States  Canal  Commission  was  quoted,  and  the  calculation  of 
the  proper  tolls  was  based  on  this  estimate. 

The  capacity  of  the  canal  is  governed  by  that  of  the  locks.  Present 
experience  at  Sault  Ste.  Marie,  and  the  prevailing  average  size  of  Lake 
and  ocean  vessels,  indicate  for  the  locks  proposed  a  much  smaller  capa- 
city than  that  given.  But  it  is  evident  that  what  is  wanted  is  not 
the  present  capacity  of  the  locks  but  that  at  the  time  when  the  amount 
of  freight  will  have  grown  to  be  nearly  equal  to  it.  On  the  Suez 
Canal  the  average  net  tonnage  of  the  passing  vessels  increased  from 
1  170  tons,  in  1873,  to  2  640  tons,  in  1898.  A  large  increase  in  the 
average  size  of  vessels  may  be  expected  during  the  next  20  years, 
which  would  increase  the  capacity  of  the  locks  to  the  same  extent. 
The  present  capacity  of  the  Sault  Ste.  Marie  locks,  therefore,  is  no 
direct  measure  of  what  the  locks  on  the  proposed  canal  Avill  be  able 
to  do.  The  following  letter,  received  from  Mr.  Noble  in  answer  to  a 
request,  will  remove  any  doubts  on  this  subject : 

' '  Chicago,  December  1st,  1900. 
' '  Mr.  J  osEPH  Mayek, 

"No.  1  Broadway,  New  York,  N.  Y. 

"  Deab  Mr.  Mayer, — The  estimates  of  cost  for  the  Deep  Waterway 
are  based  on  a  single  systen>  of  locks  for  single  lifts  and  a  double 
system  where  two  or  more  lifts  are  combined.  It  is  assumed  that  the 
cargo  of  a  fully  loaded  freight  ship  is  twice  its  net  register,  that  its 
east-bound  freight  will  be  in  full  cargoes  and  its  west-bound  freight 
one -fourth  as  much.  This  makes  the  total  freight  one  and  one- 
quarter  times  the  net  register. 

"  The  capacity  of  a  single  lock  is  determined  by  investigation  to  be 
25  150  000  tons  of  freight  in  a  navigation  year  ;  of  the  Lewiston  double 
flight  of  six  combined  lifts,  of  40  ft.  each,  the  capacity  is  35  801  OOO 
freight  tons.  If  the  capacity  of  the  single  locks  should  be  reached, 
by  doubling  them  the  capacity  could  be  increased  to  35  801  000  with- 
out increasing  the  facilities  of  systems  of  two  or  more  lifts. 

"In  arriving  at  these  amounts  the  following  method  was  pursued: 

"  Ships  are  to  be  locked  singly.  The  average  tonnage,  net  register, 
is  assumed  to  be  2  500,  corresponding  to  3  000  tons  of  freight  for  a 
round  trip.  This  average  tonnage  is  greater  by  far  than  the  present 
average  on  the  Lakes,  but  the  shijDs  now  building  (and  for  the  last  five 
years)  for  the  freight-carrying  trade  exceed  this  very  much.  These 
large  ships  are  crowding  the  others  out,  and  by  the  time  the  Deep 
Waterway  could  be  built  the  small  ship  will  not  be  an  appreciable 
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fiu'tor  ill  the  bnsiuess.     This  tDiiniif^c  iw  loss  than  the  present  average  Mr.  Mnyer. 
lit  Snoz,  where  it  is  iucreasiiif^  ([uite  riii)i(llv. 

"  The  size  of  tvix'slii])  beinj^  tlius  urrivtul  Oit,  the  theoretical  time  of 
h)ekaj^e  was  eaK-uhitinl  and  the  resulting  tounaf^^e  per  year.  This  was 
greater  tliaii  eonUl  be  handled  jiractieally.  To  obtain  a  coelticient  the 
reeords  of  the  St.  Marv's  Falls  Canal  were  used. 

'*  In  IH'sH  all  the  business  was  done  by  one  lock,  locking  generally 
two  or  more  ships  at  once.  The  delays  to  ships  awaiting  lockage  were 
large,  reaching  what  may  be  considered  an  economical  limit.  It  was 
determined  what  change  in  time  of  lockage  would  have  taken  place  if 
ships  had  been  locked  singly  ;  if  the  ships  had  been  of  the  larger 
size  assumed  for  the  Deep  Waterway;  and  if  the  time  for  tilling  and' 
emptying  the  locks  had  been  changed  to  conform  to  the  time  for  the 
locks  of  the  Deep  Waterway.  Correcting  the  tonnage  actually  passed 
at  the  St.  Mary's  Falls  Canal  to  these  changed  conditions,  we  have  the 
tonnage  which  a  single  lock  of  the  Deep  Waterways  would  have  passed 
with  the  same  sundry  delays  and  the  same  idle  time  as  occurred  at  the 
St.  Mary's  Falls  Canal  in  1894  and  also  with  the  same  los.s  of  time  to 
shipping  while  awaiting  lockage,  which  loss  of  time,  as  already  stated, 
was  considered  to  establish  the  economical  limit  of  capacity  of  the 
waterway.  This  tonnage  was  found  to  be  0.621  of  the  theox-etical  cal- 
culated capacity,  and  was  considered  the  best  coefficient  available. 
This  coefficient  was  then  applied  to  the  theoretical  calculated  capacity 
of  each  system  of  lockage. 

"  While  the  method  may  not  be  wholly  satisfactory.  I  do  not  know 
of  any  better  one.  At  no  other  ship  canal  in  the  world  has  the  lock- 
age capacity  been  reached. 

'•The  traffic  capacity  figure  you  have  used  is  probably  the  one  above 
given  with  single  locks  duplicated.  I  believe  the  capacity  estimates 
to  be  safe,  and  with  the  information  now  existing  I  do  not  think  any- 
one can  successfially  controvert  them. 

"Very  truly  yours, 

"A.  Noble." 

A  considerable  diflference  in  the  real  capacity  of  the  canal,  however, 
will  not  materially  aftect  the  argument  for  or  against  it,  as  there  is  no 
reasonable  doubt  that  it  will  be  very  profitable  as  soon  as  the  freight 
transported  through  it  is  equal  to  its  capacity.  The  cost  of  increasing 
the  latter  is  comparatively  small. 

A  more  important  question  is  that  of  the  amount  of  freight  to  be 
expected.  Major  Symons,  in  his  report  of  1897,  has  made  an  esti- 
mate in  which  he  gives  the  amounts  of  the  different  kinds  of  freight 
which  he  expects  for  a  canal  24  ft.  deep  on  the  Oswego  Route,  and  the 
writer  was  fully  aware  of  the  fact  when  this  paper  was  written,  but 
did  not  mention  the  estimate,  because  no  evidence  is  given  in  that  re- 
port to  support  his  mere  assertions,  and  because  the  writer  believes  it 
to  be  impossible  to  make  a  detailed  estimate  of  the  probable  traffic. 
If  anybody  had  made  an  estimate  20  years  ago  of  the  jirobable  traffic 
of  the  inter-lake  channels,  he  would  have  either  greatly  underesti- 
mated the  traffic,  or  have  been  laughed  at  as  visionary.  The  idea  that 
iron  ore  in  any  quantity  would  be  transported  to  Pittsburg  from  the 
Lake  Superior  Region  would  have  been  found  to  be  utterly  ridiculous 
and  as  indicating  the  ignorance  of  the  author  of  it. 
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We  now  know,  from  experience  on  the  Lakes,  that  a  great  reduc- 
tion in  the  cost  of  transportation  will  develop  an  enormous  amount  of 
new  business,  and  that  it  will  deflect  from  distant  and  more  expensive 
routes  business  already  existing.  The  develojiment  of  new  business 
is  a  relatively  slow  process,  requiring  the  establishment  of  new  manu- 
factures along  the  new  route,  while  the  deflection  of  existing  business 
from  other  means  of  transportation  will  take  jjlace  much  more  quickly. 
It  is  true  that  no  such  transport  of  heavy  cheap  goods  over  great  dis- 
tances takes  place  on  the  line  of  the  future  canal  as  exists  now  on  the 
Lakes,  but  such  transport  would  not  exist  along  the  lake  routes  if 
lake  freight  rates  were  the  same  as  those  by  rail.  To  any  careful  ob- 
server the  exjjerience  on  the  Lakes  should  show  two  things:  First, 
that  the  new  business  develoi^ed  by  the  lowering  of  freight  rates  is 
more  than  half  the  total.  Second,  that  one  cannot  estimate  in  detail 
the  new  business  which  will  be  developed  by  a  great  reduction  in  cost 
of  transportation. 

One  can  with  some  approximation  estimate  the  amount  of  exist- 
ing transijortation  which  will  be  transferred  from  other  lines  to  one 
very  much  cheaper,  but  not  the  new  transj^ortation  which  will  be 
created.  It  is  evident  that  the  canal  j)roposed  will  obtain  most  of  the 
grain  and  much  of  the  provisions  passing  from  upper  lake  points  to 
the  Atlantic  coast  and  Europe;  that  it  will  obtain  lumber  in  large 
quantities  in  both  directions,  besides  salt,  building  stone,  cement, 
brick,  coal,  iron  ore,  etc.;  but  to  put  definite  quantities  behind  all 
these  items,  shows  only  the  habit  of  their  author  to  make  positive  state- 
ments in  regard  to  subjects  which  he  does  not  know. 

The  principal  data  which  permit  making  an  approximate  estimate 
of  the  freight  to  be  expected  are  furnished  by  the  amount  of  freight 
obtained  through  the  Lake  rates,  due  to  the  improvement  of  the  inter- 
lake  channels,  and  by  a  comparison  of  the  population  and  the  number 
and  imi^ortance  of  the  harbors  at  the  two  ends  of  the  lake  region  with 
those  at  the  two  ends  of  the  projiosed  canal.  Since  the  visible  makes 
a  greater  impression  on  us  than  the  invisible,  we  are  apt  to  underesti- 
mate in  such  a  comparison  of  an  existing  waterway  with  a  proposed 
one  the  amount  of  freight  which  may  be  expected  by  the  latter.  The 
development  of  the  iron  mines  in  the  Lake  Superior  Region  is  an  ac- 
comjilished  fact,  and  their  jjroduct  goes  at  present  largely  to  Pitts- 
burg, therefore  the  argument  is  ready  at  hand  that  there  are  no  iron 
mines  on  the  new  canal,  and  that  the  ore  of  the  western  mines  does 
not  go  East.  A  considerable  part  will  go  East  after  the  canal  exists, 
and  other  sources  of  freight,  as  unknown  now  as  the  Lake  Superior 
mines  were  twenty  years  ago,  will  arise  as  soon  as  heavy  goods  can  be 
transported  cheaply.  The  quantity  of  goods  produced,  transported 
and  consumed  is  largely  dependent  on  the  size  of  the  population 
which  produces  and  consumes  them,  and  the  cheapness  of  transport  a- 
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tion.  And  tlio])(>Hsil)ilit_v  of  trtinsj)ortiufj:  them  by  water  from  producer  Mr.  Mayer, 
to  consumer  dejjcuds  maiuly  ou  the  existenee  of  the  ajipropriate  chan- 
nels and  the  number  and  importance  of  the  harbors  avaihible.  In  com- 
pariuj?,  therefore,  the  relative  amount  of  freif^ht  which  may  be  expected 
topassthrouf^h  the  Detroit  River  and  the  canal  proposed,  it  is  reasonable 
to  take  into  eousideratiou  the  i)opulations  and  harl)ors  connected  by  the 
two  waterways.  If  this  is  done,  and  allowance  is  made  for  the  natural 
increase  of  Imsiness  during  the  next  twenty  years,  it  appears  to  the 
writer  to  be  very  moderate  to  estimate  the  then  existing  traffic  through 
the  proposed  canal  as  equal  to  its  capacity.  Another  argument  against 
a  ship  canal  on  the  Oswego  Route  is  to  the  effect  that  Canada  would 
build  a  ship  canal  to  Montreal  and  deflect  business  in  that  direction. 
The  larger  part  of  the  Dominion  is  chiefly  interested  in  such  a  canal 
on  account  of  the  cheap  transport  to  Europe  and  the  United  States 
Avhich  would  be  created  thereby.  A  ship  canal  from  Lake  Ontario  to 
Montreal  would  not  materially  cheajsen  transport  to  these  countries 
after  the  American  ship  canal  exists;  it  would  be  in  a  precarious  posi- 
tion without  control  of  a  ship  canal  around  Niagara  Falls;  and  it 
would  be  such  a  ruinous  undertaking  for  a  small  and  j^oor  country  like 
Canada  that  it  is  an  insult  to  our  neighbors  to  think  them  callable  of  it. 

An  estimate  of  the  water  supply  needed  at  the  summit  level  has  been 
made  by  one  of  the  discussors,  and  an  objection  against  the  Oswego 
Route  is  based  thereon.  This  discussor  asserts  that  the  water  supply 
needed  at  the  summit  level  for  each  passing  vessel  is  equal  to  the 
lock  area  multiplied  by  the  sum  of  the  lifts  of  all  the  locks. 

It  is  reasonable  to  provide  water  supply  for  the  full  cai^acity  of 
the  canal.  At  each  end  of  the  summit  level  is  a  lock.  From  the 
passage  of  the  sill  by  a  vessel  entering  a  lock  from  above,  it  takes  a 
certain  minimum  time  for  this  vessel  to  go  to  the  lower  level,  move 
out,  let  another  vessel  pass  in,  rise  up,  move  out,  and  the  next  down- 
going  vessel  to  advance  to  the  sill.  This  period  of  time  is  required 
for  one  cycle  of  lock  operation,  and  will  pass  one  vessel  down,  another 
up.  For  a  given  lock  area,  it  varies  somewhat  with  the  lilt  at  the 
lock.  One  lock  chamber  full  of  water  is  required  per  cycle,  or  a 
volume  equal  to  the  area  multiplied  by  the  lift.  The  shortest  time 
required  for  one  cycle  is  found  by  observation  of  existing  locks  of 
similar  size  and  lift.  It  is  easy  to  estimate  the  influence  of  a  change 
in  lift  on  the  time  required  for  one  cycle.  The  exi^erience  at  the  locks 
of  Sault  Ste.  Marie  allows,  therefore,  a  very  close  estimate  of  this 
time  to  be  made.  From  this  the  number  of  cycles  jjer  24  hours  is 
obtained,  and  the  quantity  of  water  needed  for  the  two  locks  at  the 
end  of  the  summit  level  can  easily  be  estimated.  If  the  amount  of 
leakage  per  24  hours  in  the  summit  level  and  the  two  adjacent  locks, 
and  the  evaporation  per  day,  is  added  to  the  foregoing  amount,  the 
-water  nee  led  at  the   summit  level   is  known.     The   latter  items  are 
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relatively  small  if  the  canal  is  well  built.  This  is  all  the  water  needed 
at  the  summit.  And  if  the  two  adjacent  locks  have  the  greatest  lift^ 
of  those  on  the  same  side  of  the  summit,  the  water  needed  for  lock- 
ages at  the  summit  is  sufficient  for  all  lockages  below,  provided  the 
level  water  surfaces  between  any  two  succeeding  locks,  in  comparison 
with  the  lock  chambers,  are  large  enough  to  permit  their  filling  twice 
without  reducing  the  depth  too  much  on  the  level.  Any  additional 
water  needed,  however,  may  be  supplied  below  the  summit  level.  The 
problem  of  water  supjily  is  therefore  not  so  serious  as  it  would  be  if  the 
estimate  mentioned  were  correct.  The  argument  based  on  this  diflB- 
culty  becomes  invalid  on  account  of  the  gross  error  in  the  estimate  of 
the  water  needed. 

It  has  been  suggested  that  it  would  probably  be  better  to  make 
the  canal  somewhat  deeper  and  narrower.  The  writer's  studies  of 
the  opinions  of  exi:)erts  on  the  Suez  Canal  lead  him  to  believe  that 
the  same  area  of  cross-section  as  proposed  by  the  Commission,  with  a. 
depth  of  24  ft.,  would  be  more  satisfactory.  At  a  depth  of  21  ft., 
this  would  give  a  width  of  192  ft.  instead  of  215  ft.,  and  a  bottom 
width  of  about  177  ft.,  with  slopes  of  1  on  2^.  The  Commission,  how- 
ever,  undoubtedly  had  good  reasons  for  the  cross-section  selected. 
The  width  chosen  by  it  substantially  agrees  with  that  proposed  by  the 
International  Commission  which  investigated  the  proper  means  for 
increasing  the  capacity  of  the  Suez  Canal.  But  the  depth  recommended 
by  that  Commission  was  9  meters,  or  29  ft.  6  ins. 

It  has  been  correctly  stated  in  the  discussion  that  most  of  the  ocean 
traffic  is  carried  on  in  comparatively  small  vessels  which  could  easily 
pass  through  the  proposed  canal,  and  that  the  large  vessels  are  very 
few  and  play  a  small  i^art  in  the  freight  traffic,  especially  in  the  coast- 
ing trade.  It  is  evident,  therefore,  that  for  most  of  the  traffic  small 
vessels  are  more  economical  than  very  large  ones.  The  assertion  that 
vessels  capable  of  passing  through  the  proposed  canal  could  not  with 
economy  cross  the  ocean  is  not  supported  by  the  facts. 

Since  the  locks  proposed  would  only  be  able  to  handle  the  traffic 
for  at  most  twenty  years,  additional  locks  w^ould  soon  be  required 
which  could  then  be  built  of  a  size  and  depth  fit  for  the  demands 
upon  them.  The  canal  could  then  be  deepened  should  it  appear  to  be 
desirable. 

Another  very  important  question  touched  by  Mr.  North,  is  the 
advisability  of  levying  tolls.  The  writer  does  not  deny  the  advantages 
which  any  section  of  the  country  would  derive  should  the  United 
States  decide  to  pay  a  large  part  of  the  freight  charges  in  that  section 
only.  This  is  substantially  what  the  proposition  of  building  at  the 
expense  of  the  United  States  a  costly  canal,  which  is  to  be  toll  free, 
amounts  to.  The  prospect  of  inducing  people  of  other  sections  of 
the  country  to  vote  for  such  a  scheme,  however,  is  very  slender,  and.. 
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in  ordor  to  secure  a  majority  of  votes,  as  ])roi)OHe(l  by  Mr.  Thomas  Mr.  Mayer. 
Curtis  Clarke,  it  would  be  necessary  to  couple  it  with  other  schemes 
beneficial  to  other  parts  of  the  country.  The  writer  believes  that  the 
reduction  in  cost  of  transportation  to  be  brought  about  by  this  canal 
is  so  large  that  the  levying  of  proper  tolls  will  not  materially  diminish 
the  amount  of  freight  which  wdll  pass  through  it;  audit  is  ungenerous 
and  inexpedient  for  the  section  of  the  country  to  he  benefited  to  expect 
other  sections,  not  so  fortunately  situated,  to  help  in  paying  the 
yearly  expenses  incurred  for  it. 

For  the  purpose  of  illustrating  from  an  economic  standpoint  the 
objections  to  a  toll-free  canal,  a  simplified  example  containing  the 
essential  features  of  the  problem  will  be  chosen. 

There  are  quarries  at  a  town,  "  A,"  where  a  cubic  yard  of  stone  costs 
$2;  in  another  town,  "B,"  are  quarries  where  a  cubic  yard  of  equally 
good  stone  costs  §3;  the  cost  of  transportation  between  the  two  places 
is  SI.  50  per  yard.  In  this  case  each  place  uses  its  own  quarries.  The 
State  intervenes  and  assumes  two-thirds  of  the  cost  of  transportation. 

Then  the  towTi  "  B  "  will  obtain  stone  from  "  A  "  at  $2.50  per  yard. 
The  actual  cost  of  this  stone  is  1^3.50  jjer  yard,  of  which  the  State  pays 
SI.  The  effect  of  the  interference  of  the  State  is  that  more  labor  is 
spent  for  the  stone  used  at  the  town  "  B  "  than  before. 

Stone  has  become  actually  dearer  though  it  is  nominally  cheaper. 
Other  effects  will  be  i^rodxtced,  among  them,  losses  to  the  quarry  , 
ow^ners  of  the  town  "B  "  and  gains  to  those  of  the  town  '"A";  gener- 
ally the  latter  effects  alone  are  dwelt  uijon  by  advocates  of  such  State 
interference.  When  the  State  omits  to  charge  a  reasonable  toll  for  the 
use  of  a  canal  w^hich  it  builds  it  not  only  enriches  one  section  of  the 
country  at  the  expense  of  the  rest,  but  it  increases  the  production  of 
things  at  a  distance  which  could  really  be  produced  cheaper  at  home; 
it  thereby  increases  the  amount  of  labor  which  has  to  be  expended  for 
obtaining  a  given  amount  of  goods.  There  are  cases,  however,  and  the 
Manchester  Ship  Canal  seems  to  be  one  of  them,  where  the  principal 
benefit  obtained  by  a  canal  is  the  lowering  of  excessive  monopolistic 
freight  rates  on  comi^eting  railroads,  and  where  the  attempt  to  levy  tolls 
covering  the  yearly  expenses  of  such  canals  would  be  destructive  of 
theii-  usefulness.  The  writer  believes  that  a  toll-free  barge  canal  of 
large  capacity,  from  the  Lakes  to  New  York,  would  have  this  effect. 
And  the  advocates  of  a  barge  canal  wisely  i-efuse  to  recommend  tolls, 
as  they  would  destroy  most  of  its  usefulness.  A  barge  canal  of  small 
capacity,  however,  would  not  answer  this  purpose,  as  the  railroads 
would  find  it  to  their  advantage  to  let  it  have  all  the  business  it  could 
carry,  and  ignore  its  freight  rates. 

The  rail  freight  rates  in  this  country,  however,  are  only  about  one- 
third  of  those  in  England;  the  possible  reduction  is  small,  and  the 
effect  of  a  competing  canal,  therefore,  very  limited. 
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Mr.  Mayer.  The  tolls  proposed  for  the  ship  canal  by  the  %vTiter,  however,  are 
mnch  smaller  than  the  expenses  incurred  for  transfer  on  a  barge  canal; 
the  former  is  therefore  superior,  as  it  pays  its  way  and  oifers  larger 
benefits  to  the  public. 

The  writer's  criticisms  of  the  barge  canal  project  were  mainly 
directed  against  the  arguments  of  the  New  York  State  Canal  Commis- 
sion, which  attempts  to  prove  that  a  barge  canal  is  desirable,  inde- 
pendent of  the  incidental  advantages  of  lower  railroad  freight  rates 
diie  to  it. 

Theoretically,  it  would  be  best,  in  canals  which  are  not  used  to 
their  full  capacity,  to  increase  the  amount  of  freight  using  the  canals 
by  varying  the  tolls  for  the  different  kinds  of  merchandise,  taking 
into  account  origin  and  destination,  in  proportion  to  the  value  of  the 
service  rendered  by  the  canal,  charging  on  no  part  of  the  freight  more 
than  the  traffic  will  bear.  For  a  canal  which  is  used  to  its  full 
capacity  a  uniform  toll  is  the  best  in  every  respect.  The  value  of  the 
service  rendered  by  the  projjosed  canal  is  greatest  for  freight  which 
saves  transfers.  The  principle  of  charging  in  proportion  to  the  num- 
ber of  transfers  saved  seems  to  be,  therefore,  the  nearest  practicable 
approach  to  an  ideally  perfect  system  of  tolls. 

The  tolls  proposed  by  the  writer  were  calculated  for  an  annual 
expense  of  $9  000  000,  allowing  for  3%  interest.  If  the  United  States 
can  obtain  the  money  for  construction  at  2%  interest,  the  annual 
expense  will  be  only  87  000  OUO,  and  the  tolls  given  would  be  sufficient, 
even  if  the  estimate  of  traffic  is  considerably  in  excess  of  the  facts. 

Mr.  Thomas  Curtis  Clarke's  remarks  are  interesting,  and  the  writer 
thinks  that  the  scheme  recommended  by  him  for  consideration  is 
worthy  of  careful  investigation,  which  is  likely  to  show  that  it  is  not 
only  feasible  but  economically  desirable,  weighing  the  advantages  to 
be  gained  with  the  cost  of  their  attainment.  If  the  scheme  were  as 
well  known  in  all  its  asjiects,  and  if  its  economic  merits  were  equal  to 
those  of  the  canal  here  considered,  the  writer  would  think  it  advis- 
able to  combine  the  two;  but,  for  the  present,  he  would  prefer  that 
those  most  interested  in  the  eastern  canal  would  come  forward, 
frankly  declaring  their  willingness  to  pay  for  the  yearly  cost  by  proper 
tolls,  and  advocating  the  jDassage  of  a  law  in  Congress  jaroviding  for 
its  construction  on  these  terms. 

It  has  been  asserted  that  Lake  vessels  would  be  very  uneconomical 
on  the  ocean.  The  writer  does  not  believe  that  the  equivalents,  on 
the  size  of  which  the  whole  argument  depends,  have  inherent  prob- 
ability, in  the  face  of  the  actual  transportation  charges  on  the  Lakes 
and  ocean.  All  the  difference  in  these  is  explainable  partly  by  the 
present  small  depth  of  lake  channels,  and  partly  by  the  smaller 
distances  on  the  Lakes.  If  a  canal  of  either  21  or  24  ft.  dei^th  existed, 
vessels  would  be  built  adapted  to  both  Lake  and  ocean  traffic,  and 
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their  tlisiulvautafj;es  for  either  wouhl  he  small  iu  comparison  with  tlic  Mr.  Mayer, 
savings  aceomplisheil  by  the  avoidauee  of  transfers. 

The  superiority  of  a  canal  30  ft.  deep  can  only  be  shown  by  assum- 
ing an  euornious  traffic.  Though  the  writer  believes  that  such  a  traffic 
will  exist  on  this  route  iu  the  near  future,  he  does  not  think  that  after 
this  discussion  it  is  possible  to  convince  a  sufficient  number  of  people 
to  induce  action  by  Congress  in  favor  of  such  a  canaJ.  The  smaller 
canal  will  be  more  profitable  at  the  beginning,  and  for  this  purpose 
does  not  require  an  amount  of  traffic  which  appears  improbable  to  the 
majority  of  judges. 

The  capacity  proposed  by  the  United  States  Canal  Commission  for 
the  beginning  is,  as  appears  from  Mr.  Alfred  Noble's  letter,  25  0(J()  000 
tons,  which  can  be  increased  to  36  000  000  tons  by  doubling  the  single 
locks.  If  one  of  the  two  rows  of  locks,  in  the  places  where  there  are 
several  locks  in  a  chain,  were  made  30  ft.  deep,  the  canal  could  be 
easily  inci'eased  to  30  ft.  dejjth  whenever  the  traffic  required  an 
increase  of  caj^acity  beyond  the  25  000  000  tons.  This  ought  to  unite 
all  the  advocates  of  a  ship  canal,  because  it  will  fulfill  the  wishes  of 
those  in  favor  of  a  30-i't.  canal  as  soon  as  the  growth  of  traffic  shows 
this  to  be  advantageous. 

The  purpose  of  this  jiaper  was  to  make  it  evident  by  the  discussion 
which  it  would  call  forth,  that  the  preponderant  judgment  of  those 
who  have  studied  this  question  is  in  favor  of  a  shij)  canal.  Mr. 
Wisner's  j^aper  and  the  writer's  have  accomplished  this  purjiose.  The 
objections  which  have  been  raised  against  a  ship  canal  have  been 
effectively  answered  in  the  discussion,  by  those  most  competent  to  do 
so;  and  many  who  were  either  ignorant  of,  or  indifferent  to,  the  sub- 
ject, have  been  convinced  or  made  more  enthusiastic  in  favor  of  an 
enterprise  which  is  the  most  important  engineering  work  of  the  near 
future. 

Geoege  Y.  Wisnee,  M.  Am.  Soc.  C.  E.  (by  letter.) — It  is  gratifying  Mr.  Wisner. 
to  note  the  advance  which  has  been  made  in  general  knowledge  on  the 
waterway  problem  since  the  discussion  in  the  Ti-ansactions  of  the  Society 
for  June,  1898.* 

The  jjresent  papers  attack  the  j^roblem  from  entirely  different 
standpoints  and  by  different  methods,  and  arrive  at  practically  the 
same  results;  while  the  discussions,  which  have  been  contributed  by 
some  of  the  ablest  waterway  engineers  in  the  world,  although  not  in 
harmony  as  to  the  actual  dimensions  which  should  be  adopted,  in  no  way 
controvert  the  facts  on  which  the  conclusions  in  the  papers  were  based. 

One  of  the  principal  issues  raised  in  the  writer's  j^aper  was  that 
estimates  of  transportation  rates  by  different  routes  should  in  each 
case  include  all  items  relative  to  the  cost  of  construction,  maintenance 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  page  273;  "The  Economic  Depth  for 
Canals  of  Large  TraflBc,"  by  Joseph  Mayer,  M.  Am.  Soc.  C.  E. 
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Mr.  Wisner.  of  route,  and  the  cost  of  moving  the  expected  commerce  between  ter- 
minals, which  in  any  way  aflfect  the  fixed  charges  properly  chargeable 
to  the  rates  of  the  respective  routes. 

Major  Symons  calls  attention  to  the  writer  being  a  strong  advocate 
of  ship  canals;  yet,  in  all  of  his  own  estimates  for  transportation  rates 
on  his  proposed  barge  canal,  he  assumes  the  waterway  to  be  con- 
structed and  maintained  at  public  expense,  and  then  attempts  to  show 
the  great  savingin  transportation  rates,  as  compared  with  those  on  the 
routes  where  all  fixed  charges  for  construction  and  maintenance  must 
be  taken  care  of  in  the  transportation  rates. 

The  writer  has  endeavored  to  treat  each  route  in  exactly  the  same 
manner,  and  wherever  fluctuating  values  have  been  used,  the  conclusions 
drawn  are  based  on  results  from  which  the  errors  from  such  sources  are 
practically  eliminated;  and  if  such  methods  may  be  termed  those  of 
an  advocate,  then  those  adopted  by  Major  Symons  need  qualifying 
with  a  much  stronger  phrase. 

It  is  immaterial  whether  the  routes  be  constructed  and  maintained 
at  public  expense,  or  whether  the  fixed  charges  be  made  a  part  of  the 
transport  rate;  the  result  to  the  producers  of  the  country  is  the  same. 
If  the  route  is  worthy  of  being  constructed  at  public  expense,  it  is  fair 
to  i^resume  that  the  people  of  the  whole  country  are  to  be  benefited, 
and  whatever  saving  may  accrue  in  transjDortation  rates  from  Govern- 
ment construction  indirectly  becomes  a  tax  on  the  j)roducers  who  use 
the  line. 

If,  therefore,  when  all  direct  and  indirect  benefits  are  considered, 
a  route  cannot  be  shown  capable  of  furnishing  better  rates  with  fixed 
charges  included  than  its  competitors,  we  must  conclude  that  it  is  not 
worthy  of  construction. 

In  discussing  the  relative  merits  of  these  different  proposed  water- 
way routes,  there  are  several  imjjortant  considerations  which  must  not 
be  lost  sight  of,  if  a  correct  and  satisfactory  solution  of  the  jiroblem  is 
expected. 

Existing  knowledge  as  to  the  natural  physical  conditions  of  the 
routes,  and  the  economical  type  of  freight  carrier  which  can  be  best 
utilized  on  the  resj^ective  waterways  in  the  transjjort  of  domestic  and 
foreign  commerce,  must  be  fully  considered,  and  all  conclusions  based 
on  sentiment  eliminated.  While  most  of  us  would  take  great  pride  in 
such  a  grand  achievement  as  that  of  extending  the  ocean  waterways  to 
the  ports  of  the  Great  Lakes,  we  must  inevitably  answer  the  question, 
"  Will  it  pay?"  before  asking  the  producers  of  the  country  to  contribute 
their  earnings  for  its  construction.  Not  that  the  reduction  in  trans- 
portation rates  must  be  such  as  to  warrant  a  private  company  taking 
up  the  project  for  profit,  but  that  the  result  to  the  whole  country 
from  direct  reduction  of  rates  and  from  resulting  development  of 
new  commerce  and  industries  will  show  a  balance  on  the  right  side. 
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Under  the  most  favorable  conditious  to  be  expected,  it  will  be  at  Mr.  Wisner. 
least  teu  years  before  either  of  the  proposed  waterway  routes  can  be 
opened  for  Inisiness.  The  relative  movement  of  domestic  and  foreign 
♦•ommerce  which  will  exist  after  that  period  is  the  important  factor  on 
which  both  the  type  of  waterway  and  of  freight  cai'rier  miistbe  based. 
At  the  present  time  about  one-fourth  of  the  wheat  raised  in  the  United 
States  is  exported;  but  from  the  increase  in  jjopnlation  which  may 
safely  be  predicted,  the  present  surjjlus  of  wheat  raised  will  he  re- 
quired for  domestic  consumption  within  less  than  twenty  years,  and 
unless  the  annual  yield  can  be  increased,  the  export  of  grain  must  be 
eliminated  from  the  calculation.  Whatever  the  future  may  have  in 
store  for  the  grain  business  of  the  country,  it  is  safe  to  say  that  the 
export  of  raw  materials  will  greatly  decrease,  and  the  export  of  manu- 
factured products  largely  increase  in  the  near  future,  which  implies  a 
decreasing  tonnage  for  the  corresponding  value  of  the  commerce. 

The  Commissioner  of  Navigation  gives  the  weight  of  exports  from 
the  United  States  in  1899  as  follows : 

TABLE  No.  18.— Weight  of  Exports  in  1899. 


Value. 

Weight. 

Value  per  ton. 

Articles,  in  terms  of  weight 

Articles  estimated  by  experts 

Lumber,  boards  and  "shingles 

Miscellaneous  manufactures 

8904  827  281 
85  370  277 
20  138  053 
193  595  611 

Tons  of  2  240  lbs. 

25  569  729 

602  482 

2142  424 

967  978 

$35 

142 

9 

200 

Total 

$1  203  931  222 

29  282  613 

$41 

It  will  be  noted  from  Table  No.  18  that  the  entire  exports  in  1899 
only  amounted  to  29  282  613  gross  tons,  of  which  25  569  729  tons, 
worth  §35  per  ton,  were  products,  the  export  of  which  is  likely  to 
greatly  decrease  in  the  near  future,  and  that  967  978  tons,  worth  $200 
per  ton,  were  manufactured  products,  the  exports  of  which  are  in- 
creasing rapidly,  and  will  be  likely  to  comjirise  the  princijjal  part  of 
our  foreign  commerce  during  the  era  for  which  the  the  waterway  must 
be  constructed.  It  therefore  appears  that  the  waterway,  if  con- 
structed at  all,  should  be  more  for  the  purjjose  of  distribution  of  prod- 
ucts for  domestic  consumption  than  for  the  accommodation  of  foreign 
commerce. 

The  economical  dimensions  for  a  waterway,  and  for  the  freight  car- 
riers which  use  it,  are  functions  of  the  distance  between  freight 
terminals. 

In  ocean  traffic,  with  from  3  000  to  5  000  miles  between  terminals, 
there  is  no  question  that  larger  ships  will  be  economical,  and  will  be 
built  as  fast  as  the  improvement  of  the  depth  of  terminal  harbors  will 
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Mr.  wisner.  permit;  but,  on  the  Great  Lakes,  where  the  length  of  haul  is  limited 
to  1  000  miles  or  less,  the  limit  in  size  of  economical  ship  construction 
has  already  been  reached,  and  \\ith  unlimited  dej^th  in  the  connecting 
channels  of  our  lake  waterways  it  will  not  pay  to  construct  freight 
carriers  for  lake  service  alone  any  larger  than  those  recently  put  in  the 
service.  This  statement  may  seem  somewhat  strong,  but  the  facts  are 
that  with  a  haul  of  less  than  1  000  miles,  the  running  expenses  and 
fixed  charges  for  ships  over  480  ft.  long,  52  ft.  wide  and  19  ft.  draft, 
increase  more  rapidly  than  the  profits  from  increase  of  carrying 
caj^acity. 

Table  No.  19,  giving  the  dimensions,  horse-power,  speed,  cost  of  ship, 
running  expenses  and  cost  of  transport  per  ton-mile  for  different  types 
of  carriers,  is  based  on  actual  lake  practice  and  exijerience,  and  has 
been  prepared  from  data  furnished  by  Mr.  Frank  E.  Kirby,  who  is 
doubtless  the  best  authority  in  the  world  on  this  class  of  ship  con- 
struction. 

TABLE  No.  19. 
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4«0X  52  X  19... 

Single 

2200 

12.5 

8600 

860 

8117 

8387  000 

0.128 

480  X  52  X  23. . . 

" 

2480 

12.5 

9600 

60 

129 

462  000 

0.129 

480  X  52  X  27... 

" 

2800 

12.5 

11760 

62 

143 

554  400 

0.121 

500X54  X  27... 

" 

2930 

12.5 

12  600 

62 

149 

612  400 

0.120 

520  X  56  X  27... 

Two 

3  100 

12.5 

13  300 

80 

155 

705  600 

0.129 

540  X  58  X  27... 

3200 

12.5 

13  980 

80 

159 

771400 

0.130 

550X60X27... 

" 

3330 

12.5 

14100 

82 

165 

828  400 

0.136 

480x52  X  19... 

Single 

3650 

15.0 

7650 

72 

154 

410  000 

0.141 

500X54  X  27... 

4850 

15.0 

10  000 

76 

204 

661200 

0.151 

It  will  be  noted  that  for  speeds  of  over  12.5  statute  miles  jjer  hour 
the  rate  increases.  If  the  lines  of  the  vessel  be  adapted  for  obtaining 
greater  speed  with  less  power,  the  carrying  capacity  is  decreased  and 
the  cost  of  carrying  correspondingly  increased.  In  computing  the 
cost  of  transport  per  ton-mile  the  i^rices  for  labor  and  materials  used 
are  the  same  for  each  ty^ie  of  vessel,  and,  therefore,  any  variation 
which  may  arise  from  fluctuation  of  prices  will  be  i^ractically  elimi- 
nated in  the  relative  cost  of  transjiort  for  different  types  of  ships. 

The  rate  per  ton-mile  in  Table  No.  19  only  includes  those  items  which 
enter  into  the  cost  of  carrying  a  ton  one  mile  in  the  open  lake.  If  we 
take  into  consideration  the  greater  loss  of  time  by  the  larger  shijjs  at 
terminals,  the  difference  in  cost  of  transport  becomes  still  less,  as 
shown  by  Table  No.  20,  which  is  a  computation  of  transport  rate  for 
the  first  and  fourth  of  the  steamshij^s  given  in  Table  No.  19. 
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TABLE  No.  20. — Transpobt  Rate  Per  Ton.  Mr.  Wisner. 

Dimeusious  of  ship,  nud  draft. 480  X  52  X  19  ft.      500  x  54  x  27  ft. 

Siiiliu}^  time  of  round  triji 7  days.  7  days. 

Detoution  at  tt'rininals 3  days.  4  days. 

Waj-es  aud  sixbsistouce $600  S682 

Fuel,  oil  and  waste 909  1  183 

Insurance  on  ship 477  830 

Insurance  on  cargo 860  1  260 

Miscellaneous  exjjenpes 30  40 

Interest  on  investment 530  922 

Deterioration,  etc 530  922 

Profit  to  shipowner 400  600 

Total ^4  336  $6  439 

Rate  per  ton 0.378  0.383 

It  will  be  noted  from  Tables  Nos.  19  and  20  that  the  actual  cost  of 
moving  a  ton  of  freight  1  mile  in  the  open  lake  is  such  a  small 
percentage  of  the  transport  rate  which  must  be  charged  to  transact  the 
business,  that  the  length  of  haul  and  the  amount  of  detentions  at 
terminals  .are  the  important  factors  necessary  for  determining  the 
economical  dimensions  for  freight  carriers,  and,  consequently,  of  the 
water  routes  to  be  used  by  them. 

The  rate  computed  in  Table  No.  20  is  for  ships  adapted  for  both  lake 
and  ocean  traffic,  and  used  for  lake  traffic  only.  If  freight  be  carried 
between  Lake  ports  and  New  York  in  vessels  adapted  for  only  lake  and 
waterway  business,  the  actual  savings  on  the  Lakes  by  using  the 
deeper-draft  vessels  would  be  less  than  one-half  of  the  estimated  fixed 
charges  arising  from  the  excess  of  cost  of  construction  and  mainte- 
nance of  deej^er  channels,  as  stated  in  the  writer's  paper. 

Since  at  least  three-fourths  of  the  freight  carried  on  the  Lakes  is 
for  domestic  consiimption,  and  because  domestic  traffic  must  increase 
much  more  rapidly  than  that  with  foreign  j)orts,  it  seems  evident  that 
if  any  waterway  be  constructed  it  should  be  the  one  best  adapted  for 
the  distribution  of  iDroducts  and  manufactures  for  domestic  use. 

It  is  generally  conceded  that  to  produce  the  best  results,  a  water- 
way from  the  Lakes  to  the  Atlantic  should  have  dimensions  which  will 
permit  the  passage,  at  economical  speeds,  of  shijas  best  adapted  for 
the  traffic  of  the  water  routes  connected. 

It  is  also  established  from  the  cost  of  vessel  construction  on  the 
Lakes,  and  the  cost  of  transport  in  carriers  of  diflereut  speeds  and 
dimensions,  that  the  maximum  size  of  steamer  for  economical  trans- 
portation for  hauls  of  less  than  1  000  miles  has  been  reached  in  lake 
practice;  from  which  it  appears  that  the  only  legitimate  reason  for 
constructing  waterways  more  than  21  ft.  deep  will  be  solely  to  accom- 
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Mr.  Wisner.  modate  foreign  commerce  between  lake  and  foreign  ports.  The  only 
saving  to  be  obtained  by  the  use  of  deeper  waterways  will  be  the  cost 
of  transfer  at  New  York  of  products  destined  for  foreign  ports,  and, 
since  all  traffic  for  the  Atlantic  coast  trade  would  have  to  be  trans- 
ferred at  New  York,  if  carried  in  the  larger  shiiss,  it  is  probable  that 
the  19-ft.  carrier  would  be  more  economical  on  the  average,  no  matter 
how  large  the  volume  of  commerce  be  assumed. 

Without  regard  to  the  i^leasing  sentiments  awakened  by  the  propo- 
sition to  open  uji  a  waterway  from  the  Great  Lakes  to  the  seaboard, 
capable  of  accommodating  the  largest  ocean  freight  carriers,  the  cold 
facts  must  be  faced  that  the  interests  of  the  producers  of  the  country 
are  but  the  collective  benefits  to  be  derived  by  individuals,  and  unless 
it  can  be  shown  that  the  benefits  to  be  secured  from  the  construction 
of  a  new  route,  with  all  expenses  included,  wnll  exceed  those  obtained 
from  routes  now  in  use,  it  will  certainly  never  be  built,  no  matter 
whether  it  be  a  $60  000  000  barge  canal  or  a  8300  000  000  waterway  for 
ocean  steamships. 

Major  Symons'  statements  that  "Mr.  Wisner  has  certainly  jumised 
at  a  conclusion  which  is  in  no  manner  justified  by  the  facts  and  i^resent 
data,"  and  that  "his  premises  are  entirely  in  error,"  seem  peculiar, 
to  say  the  least,  when  it  is  considered  that  he  was  well  awai'e  when  he 
wrote  his  discussion  that  the  St.  Lawrence  Canals  were  actually  open 
for  business  for  the  entire  navigation  season  of  1900. 

It  is  technically  true,  as  he  states,  that  the  Canadian  Canals  have 
not  yet  been  entirely  completed.  Neither  has  the  St.  Mary's  River 
improvement  been  fully  completed,  yet  its  commerce  in  1900  was  over 
25  000  000  tons,  while  on  the  new  St.  Lawrence  Canal  only  one  fully 
loaded  freighter  is  reported  as  having  passed  through.  Why?  Simply 
because,  as  stated  in  the  paper,  any  waterway  requiring  transfers  will 
fail  to  divert  freight  from  the  lake  and  railroad  lines. 

It  is  a  notable  fact  that  the  steamers  now^  being  constructed  for 
lake  and  ocean  commerce  through  the  Canadian  Canals  are  for  20  ft. 
draft,  it  being  considered  more  economical  by  the  builders  to  lighter 
through  the  canals  than  to  undeiiake  transportation  on  the  Lakes 
with  ships  of  only  14  ft.  draft. 

The  fact  mentioned  that  "the  Canadian  Government  and  private 
parties  have  only  just  commenced  work  at  Port  Colborne  and  Mon- 
treal to  prepare  for  the  traffic  which  they  expect  to  go  through  that 
commercial  highway,"  is  one  for  which  the  Canadian  officials  would 
like  to  have  some  legitimate  reason.  From  the  tenor  of  recent  articles 
in  Montreal  papers,  they  evidently  fear  that  the  desired  improvements 
may  never  materialize.  It  must  also  be  borne  in  mind  that  the  volume 
of  freight  for  domestic  consumption  is  so  large  that  it  practically  con- 
trols the  route  followed  by  foreign  trade  in  the  same  commodities,  and 
must  to  a  great  extent  prove  a  strong  handicap  for  the  Canadian  route. 
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Tli»>  writtM-  did  uot  state  that  the  Canadian   canals  uere  failures,  as  Mr.  Wisner. 
implied  iu  Major  Symous'  diseiissiou,  hut  that  they  had  thus  far  failed 
to  divert  traffic  from  established  routes,  and  that  any  waterway  of  less 
dei>th  than  required  for  the  passage  of  the  best  type  of  lake  freighters 
cannot  materially  modify  the  transportation  rates  over  existing  routes. 

Major  Symous'  comparison,  of  the  eliect  of  the  enlargement  of  the 
Erie  Canal,  to  the  economy  of  an  8  000-ton  steamer  over  one  of  2  000 
tons  capacity,  is  not  apropos. 

The  conditions  which  have  caused  the  decline  of  traffic  on  the  Erie 
Canal  since  1880  cannot  be  eliminated  by  the  construction  of  a  water- 
way only  12  ft.  deep,  while  the  economy  in  the  use  of  larger  freight 
carriers  on  the  Lakes  depends  simply  upon  the  ratio  of  the  running 
expenses  and  fixed  charges,  due  to  cost  of  ship,  to  the  carrying 
capacity  for  steamers  of  different  dimensions. 

While  not  prej^ared  to  stand  sponsor  for  the  exact  ratio  of  jjower 
reqiiired,  respectively,  for  towing  wooden  and  steel  barges,  the  writer 
is  surprised  that  an  engineer  of  Major  Symons'  high  standing  should 
for  one  moment  question  the  fact  that  the  resistance  of  wooden  sur- 
faces to  movement  through  water  is  largely  in  excess  of  that  of  steel, 
especially  in  the  case  of  barges  in  canals  and  shallow  rivers,  where  the 
bottoms  cannot  be  maintained  long  in  good  condition  except  by  con- 
stant repairs.  The  fact  that  wooden  ships,  with  bottoms  in  the  condi- 
tion similar  to  that  of  barges  in  use  on  shallow  streams,  offer  great 
resistance  to  movement  through  the  water,  is  so  well  known  that  com- 
ment is  unnecessary.  If  further  evidence  is  needed  to  convince  Major 
Symons  of  his  error,  a  careful  study  of  the  resistance  of  wooden  and 
steel  conduits  to  the  flow  of  water  should  certainly  be  sufficient. 

If,  as  stated  in  the  discussion,  "one  of  the  strongest  arguments  in 
favor  of  a  barge  canal  following  the  general  route  of  the  Erie  Canal,  is 
that  business  upon  it  can  be  done  in  cheap,  light,  wooden  boats,"  the 
project  is  certainly  based  upon  a  very  weak  foundation,  for  it  is  gen- 
erally admitted  that  in  vessel  construction  wood  must  give  way  to  steel 
long  before  either  of  the  proposed  waterways  can  be  constructed. 

While  it  is  true  that  the  insurance  rate  on  the  present  small  canal 
boats  is  much  less  than  that  used  in  the  estimates  given  in  the  paper, 
it  should  be  noted  that  the  risk  on  1  000-ton  barges  in  fleets  of  five  or 
more,  in  a  12-ft.  waterway  and  through  the  lakes  and  rivers  traversed 
by  the  route,  will  be  j^ractically  the  same  as  that  for  a  steamer  having 
a  tonnage  equivalent  to  that  of  the  fleet. 

On  page  80  of  Major  Symons'  report  on  a  shijD  canal  from  the 
Great  Lakes  to  the  navigible  waters  of  the  Hudson  Kiver,  it  is  stated 
that: 

"The  ordinary  rates  of  insurance  on  the  Lakes  are  3  to  S^%  on 
steel  vessels.  No  insurance  man  interviewed  thinks  that  the  rates 
would  be  less  for  vessels  navigating  the  canal,  while  many  announced 
that  they  would  be  higher." 
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Mr.  Wlsner.  It  is  not  safe  to  estimate  for  lake  and  river  insurance  at  less  tlian 
4|5'o)  ^^i^it,  admitting  that  this  rate  is  too  high,  the  discrimination  is 
reallv  in  favor  of  the  canal  barge,  for  the  reason  that  the  cost  of  vessels 
per  ton  of  carrying  capacity  is  much  greater  for  steamships  than  for 
barges,  and,  therefore,  if  a  less  rate  be  introduced  in  Tables  Nos.  3  and 
4  of  the  paper,  the  showing  for  the  barge  canal  would  be  made  even 
worse  than  stated. 

Major  Symons  is  in  error  when  he  states  that  the  cargo  insurance 
used  in  Table  No.  3  of  the  paper  is  increased  in  some  unexjalainable 
manner,  for  the  reason  that  exactly  the  same  rate  is  used  as  in  his 
report,  but  the  amount  is  computed  for  the  cargo  carried  in  both  direc- 
tions, instead  of  making  the  ship^jer  -paj  the  insurance  on  the  west- 
boimd  freight,  as  was  done  in  the  barge  canal  estimates.  If  forcing 
the  shipi^er  to  pay  all  items  which  make  estimated  transportation  rates 
undesirably  large  is  a  correct  and  fair  jarocedure,  the  principle  should 
be  still  further  extended  and  make  trans^Dortation  practically  free. 
Major  Symons  has  apparently  made  use  of  this  method,  so  far  as  the 
cost  and  maintenance  of  barge  route  and  west-bound  insurances  are 
concerned,  and  it  would  be  interesting  to  know  why  the  same  prin- 
ciple should  not  be  applied  in  the  estimates  of  railroad  rates,  by  omit- 
ting all  fixed  charges  for  right  of  way,  construction  and  maintenance 
of  road. 

In  view  of  the  large  experience  that  Major  Symons  has  had  in  con- 
nection with  lake  waterway  and  harbor  improvements,  it  is  suri^rising 
that  he  should  not  be  aware  that  the  barges  he  describes  in  his  reports 
would  be  neither  safe  nor  economical  for  lake  transportation  as  com- 
Ijared  with  the  large  freighters  now  used  in  the  lake  service.  If  such 
was  the  case,  we  certainly  ought  to  expect  a  much  more  crowded  state 
of  affairs  in  the  Canadian  canals  than  has  ever  existed. 

In  Major  Symons'  reports  and  discussion  great  importance  is  given 
the  fact  that  "nearly  all  of  the  foreign-bound  commerce  of  New  York 
leaves  the  port  as  berth  cargoes  in  the  large  ocean  liners,"  and  that 
anything  like  quick  dispatch  at  the  port  of  New  York  wo\ild  require 
a  complete  uj^heaval  and  reversal  of  the  methods  of  doing  business  in 
that  great  port. 

To  those  interested  in  rapid  and  economical  methods  of  transporta- 
tion, this  state  of  affairs  is  a  strong  argument  in  favor  of  adopting 
some  other  method  of  interior  transportation,  which  will  not  perpetuate 
a  system  which,  from  excessive  terminal  detentions,  great  cost  of 
transfer,  and  from  diversion  of  traffic  to  less  economical  routes,  adds 
materially  to  the  cost  of  marketing  the  j^roducts  of  the  country.  The 
very  fact  that  the  differential  rates  on  railroads  to  the  seaboard  all  dis- 
criminate against  New  York  is  proof  that  New  York  harbor  is  the  most 
economical  natural  outlet  for  exports,  and,  instead  of  perpetuating 
existing  conditions,  the  efforts  should  be  to  increase  the  receipts  of 
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freight,  so  that  full  onrfj;oos  can  be  furnished  to  ocean  freighters.     The  Mr.  Wisner. 
commerce  of  New  York  is  taken  as  berth  cargoes  for  the  simple  reason 
that   the  volume   received  for  export   is   not  what  the  commanding 
position  of  the  harbor  and  its    unsurjjassed   natural    conditions  for 
interior  communications  entitle  it  to. 

With  direct  dee})- water  connection  \\ith  the  great  i>roduciug  centers 
of  the  Northwest,  the  railroads  Avould  have  to  discontinue  dittereutials 
detrimental  to  the  Port  of  New  York,  or  lose  much  of  their  jDresent 
tratiic. 

In  either  event,  the  export  commerce  of  the  port  woxild  increase 
and  make  it  possible  to  establish  methods  which  would  give  better 
dispatch  than  at  present. 

The  statement  that  "  the  data  furnished  by  Mr.  Wisner  are  not  at 
all  sufficient  to  jirove  that  the  Great  Lake  freighters  could  with  safety 
make  a  speed  of  8  miles  per  hour  in  the  canal  proposed  by  the  Board 
of  Engineers  on  Deep  Waterways  "  needs  some  substantiation  before 
being  accepted.  What  better  proof  is  needed  than  that  large  freighters 
do  make  such  speeds  safely  in  similar  canals  every  day? 

The  St.  Clair  Flats  Canal  is  by  no  means  the  only  restricted  section 
of  the  Lake  waterways,  yet  it  is  a  notable  fact  that  no  accidents  have 
occurred  in  these  channels,  except  at  sharp  curves  in  strong  currents, 
a  condition  which  has  been  entirely  eliminated  in  the  plans  proposed 
by  the  Deej}  Waterway  Board. 

Mr.  Hunter's  unqualified  endorsement  of  the  writer's  estimate,  that 
8  miles  per  hour  as  an  average  sjjeed  would  be  certainly  safe,  should 
settle  the  question  beyond  all  doubt. 

The  cross-section  of  the  Manchester  Canal  is  only  four-fifths  of 
that  of  the  proposed  waterway,  yet  experience  has  proved  that  speeds 
of  8  miles  per  hour  are  safe,  and  licenses  permitting  such  speeds  are 
now  issued. 

It  is  true  that  strenuous  efforts  are  being  made  to  have  some  of  the 
narrow  channels  of  the  Lake  waterways  widened  to  600  ft.,  where  there 
are  sharp  curves  and  strong  currents,  but  in  the  plans  for  the  proposed 
deep  waterway  to  the  seaboard,  sharp  curves  are  eliminated  and  wide 
channels  provided  in  rivers  wherever  strong  currents  exist. 

In  view  of  the  facts  that  the  sjjeed  of  large  freight  carriers  on  canals 
of  similar  dimensions  to  those  of  the  j)roi30sed  deep  waterway  has  been 
thoroughly  established  by  actual  safe  practice,  and  that  the  time 
required  at  terminals  has  been  fixed  by  experience  extending  over 
many  years,  the  closing  statement  of  Major  Symons'  discussion,  that 
the  estimates  of  Mr.  Mayer  and  Mr.  Wisner  are  theoretical  iDossibilities, 
while  those  for  his  barge  canal  are  reasonable  jarobabilities,  must  be 
regarded  as  a  strong  exhibition  of  over-confidence  in  his  own  per- 
sonal views. 

The  methods  and  rajndity  of  handling  cargoes  at  terminals  have 
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3Ir.  Wisner.  cbaQged  but  little  in  the  past  ten  years,  as  shown  by  Table  No.  21, 
which  gives  the  types  of  large  carriers  built  in  1890  and  1900,  and  the 
average  time  of  detentions  at  terminals  for  those  years. 

TAELE  No.  21. 

Name  of  ship Maioa.  Gates. 

When  built,  and  years  comi^ared 1890  1900 

Length  over  all,  in  feet 290  500 

Beam,  in  feet 40  52 

Depth,  in  feet 21  30 

Registered  tonnage  (gross) 2  311  5  085 

Draft  of  water  in  channels,  in  feet 15.5  17.8 

Average  cargo,  in  gross  tons 2  500  7  000 

Average  time  at  terminals  i^er  round  ivi-p,  in 

hours 51  63 

Mr.  Mayer  has  covered  the  relative  merits  of  government  and 
private  ownershij^  of  the  proposed  waterway  so  thorougly  that  but 
little  comment  is  necessary.  His  idea  that  a  moderate  toll  might  be 
allowed,  to  cover  all  expenses  incurred  by  the  nation,  would  be  a 
serious  mistake  if  put  into  practice,  for  the  reason  that  the  benefits 
derived  from  such  a  waterway  will  be  as  much  of  an  indirect  nature  in 
building  up  new  commerce  as  of  direct  value  in  decreasing  the  cost  of 
transport,  and,  therefore,  to  obtain  the  maximum  benefit,  it  should  be 
made  absolutely  fi'ee  to  all. 

Mr.  Schenck  is  in  error  in  supposing  that  loss  of  time  from 
meeting  vessels,  and  from  reduction  of  speed  on  curves,  has  not  been 
provided  for  in  the  estimates  of  time  of  round  trips  on  the  projjosed 
21-ft.  waterway  from  the  Lakes  to  the  Atlantic.  It  is  established 
beyond  doubt  that  a  sjjeed  of  8  miles  per  hour  is  absolutely  safe  on 
tangents,  and  in  passing  vessels  a  reduction  to  one-half  speed  has  been 
used  in  the  estimates,  and  for  curves  a  reduction  depending  upon  the 
degree  of  curvature,  as  stated  by  Mr.  Noble. 

Mr.  North,  in  his  able  discussion,  refers  to  "  the  determination  to 
make  24  ft.  the  governing  depth  for  the  channels  of  the  Great  Lakes," 
as  an  argument  against  limiting  the  dej^th  of  the  proposed  waterway 
to  21  ft. 

If  it  were  a  fact  that  the  governing  depth  of  the  lake  channels  was 
to  be  fixed  at  24  ft.  or  more,  the  writer  would  be  fully  in  accord  with 
Mr.  North's  views.  No  project  for  channels  of  over  21  ft.  depth  has 
ever  been  seriously  contemplated,  and,  besides,  it  has  been  so 
thoroughly  demonstrated  that  larger  ships  than  those  recently  con- 
structed will  not  be  economical  in  the  Lake  service,  that  the  shipping 
associations  will  probably  ask  the  Government  to  fix  the  ultimate 
navigable  depth  of  Lake  waterways  at  21  ft. 

It  is  true  that  in  contracts  for  the  improvement  of  Lake  waterways 
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the  payment  for  dei)tbs  np  to  23  ft.  is  sometimes  provided  for,  but  Mr.  wisner. 
this  sim])ly  arises  from  the  fact  that  wth  some  kinds  of  materials  to 
be  oxi-avated,  a  dear  uavi-^able  channel  21  ft.  deep  cannot  be  made 
without  making  occasional  cnttiujifs  from  1  to  2  ft.  deeper  than 
required  for  navigation.  Mr.  North  quotes  the  writer  as  authority 
for  the  statement  that  40  000  000  tons  of  freight  passed  through  the 
Detroit  River  in  1899.  This  is  not  correct.  The  actual  volume  carried 
on  the  entire  chain  of  lakes  was  not  far  from  40  000  000  tons,  as  stated 
in  the  pajjer,  while  that  passing  through  the  Detroit  River  probably 
did  not  exceed  80  000  000  tons. 

Table  No.  22  shows  the  movement  on  the  Lakes  for  the  four  leading 
commodities  in  1898: 

TABLE  No.  22. 


Commodity. 

Total  traffic,  in  net  tons. 

Eastward  traffic,  in  net  tons. 

Grain  (including:  flour) 

Iron  ores 

9  661  411 
13  650  788 
4  540  000 
8  723  667 

9  661  411* 
11  028  321 

Lumber 

Coal 

2  531  180 

Total 

36  574  866 

23  220  912 

The  report  of  the  Committee  on  Canals  of  New  York  State  gives 
the  total  entrances  and  clearances  of  registered  tonnage  at  Lake  ports 
in  1898  as  124  046  366  tons.  Dividing  this  by  two,  the  Committee 
obtains  the  total  lake  traffic  as  62  023  000  tons. 

This,  however,  is  misleading,  as  to  the  actual  volume  of  freight 
movement,  which,  in  fact,  was  only  about  two-thirds  of  the  volume 
indicated  by  the  entrances  and  clearances  at  the  Lake  ports. 

The  entrances  and  clearances  include  those  of  all  pleasure  and 
passenger  steamers  entering  and  leaving  the  ports,  which  at  many  of 
the  harbors  is  an  important  part  of  the  tonnage.  To  assume,  there- 
fore, that  the  freight  movement  through  the  Detroit  River  will  within 
a  few^  years  amount  to  80  000  000  tons  is  wholly  unwarranted  by  the 
l^resent  conditions  or  future  jDrobabilities. 

It  is  true  that  the  commerce  of  the  St.  Mary's  River  has  apjjroxi- 
mately  doubled  every  six  years  since  1882,  but  on  the  Detroit  River  the 
traffic  has  not  doubled  in  the  last  twenty  years,t  instead  of  in  the  last 
six  years,  as  quoted  by  Mr.  North,  and  it  must  be  remembered  that 
this  ratio  cannot  continue  indefinitely,  and,  in  fact,  that  the  condition 
of  the  Lake  grain  and  ore  trade  has  already  reached  the  stage  where 
the  annual  increase  of  volume  of  traffic  must  be  much  less  than  here- 
tofore.    The  unprecedented  growth  of  commerce  on  the  Great  Lakes 

*  Including  Canadian  traffic  through  Georgian  Bay  and  the  Welland  Canal. 
t  See  Tunell's  '•  Statistics  of  Lake  Commerce,"  page  3. 
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Mr.  Wisaer.  has  been  due  to  the  develoiJment  of  cheaijer  transportation  by  the 
improYement  of  waterways,  and  the  consequent  bringing  into  existence 
of  new  manufacturing  enteriDrises  which  otherwise  could  never  have 
been  started.  While  the  free  imi^rovement  of  these  waterways  has 
often  been  criticised  as  undue  favoritism  of  the  competitors  of  the 
railroads,  it  is  nevertheless  true  that  the  great  prosj^erity  of  the  rail- 
road lines  which  j^arallel  the  water  routes  has  been  largely  the  indi- 
rect result  of  the  new  traffic  which  would  never  have  existed  had  not 
cheaper  transport  been  develoj^ed  by  waterway  improvements. 

The  effect  of  waterway  improvements  on  the  movement  of  the 
Lake  commerce  is  well  illustrated  by  the  relative  volume  of  flour 
carried  by  vessels  and  on  railroads  during  the  period  of  channel 
imjirovements. 

In  1866,  the  railroads  carried  approximately  one-half  of  the  flour 
between  the  upper  Lake  ports  and  the  seaboard;  in  1867,  three-fourths; 
in  1877,  M%;  and  in  1881,  96  per  cent. 

The  improvement  of  the  St.  Clair  Flats  Canal  and  the  completion 
of  the  15-ft.  lock  and  canal  at  Sault  Ste.  Marie  in  1881,  turned  the 
advantage  again  in  favor  of  lake  transportation,  so  that,  in  1882,  the 
Lake  shipments  of  flour  were  21,%" ;  in  1886,  38%;  and  in  1889,  48%  of 
the  total  volume.  It  is  hardly  to  be  expected  that  this  ratio  ^ill 
materially  change  in  the  future,  for  the  reason  that  winter  shipments 
by  railroad  are  certain  to  continue,  and  that  future  reduction  in  water 
rates  must  be  small  after  the  comjiletion  of  the  21-ft.  waterway  project^ 
which  depth,  economical  transportation,  so  far  as  Lake  traffic  is 
concerned,  will  not  warrant  increasing. 

If  a  commerce  of  80  000  000  tons  annually  through  the  Detroit 
River,  with  a  corresponding  increase  of  traffic  to  the  seaboard,  can  be 
guaranteed  after  the  completion  of  a  30-ft.  waterway,  the  writer  will 
heartily  concur  with  Mr.  North  as  to  the  desirability  of  such  construc- 
tion. Not  that  the  cost  of  transport  will  be  less  for  Lake  traffic  than 
with  a  21-ft.  waterway,  but  that  the  indirect  benefits  from  developing 
a  commerce  of  80  000  000  tons  will  more  than  repay  the  additional 
cost  of  a  larger  waterway.  Such  a  result  cannot  be  reasonably  ex- 
pected, and  it  is  probable  that  20  000  000  tons  between  the  Lake  j^orts- 
and  the  seaboard  is  a  much  safer  prediction;  for,  with  the  route  closed 
one-third  of  the  year,  the  railroads  would  certainly  continue  to  carry 
a  large  part  of  the  commerce. 

The  total  traffic  on  the  New  York  canals  in  1898  was  3  360  063  tons, 
of  which  1  573  227  tons  were  through  freight.  The  total  freight  traffic 
over  the  New  York  Central  Eailroad  was  23  403  439  tons,  of  which  only 
4  153  084  tons  were  through  freight.  The  total  freight  tonnage  on  the 
New  York  State  canals  and  railroads  was  67  141  146  tons,  of  which 
l^robably  about  15  000  000  tons  were  through  commerce  between  the 
freight  centers  of  the  countrv  tributary  to  the  Lakes  and  the  seaboard- 
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"With  a  ileep  wrtterway  completed  auil  readv  for  Imsiness,  it  isin-obable  Mr.  Wisner. 
that  the  railroads  would  still  carry  at  least  oue-third  of  the  tbroixf^h 
frcifi;bt,  leaviu^  10  000  UOO  tous  available  for  waterway  ti-affic. 

It  will  uot  be  safe  to  estimate  tbat  the  tbroiigh  traffic  will  more 
than  double  in  ten  years  after  tbe  completiou  of  the  waterway,  indi- 
catiug  that  20  000  000  tons  would  be  a  maximum  to  be  expected  after 
ten  years'  operation  of  tbe  waterway. 

With  an  annual  commerce  of  over  35  000  000  tous  from  the  Lakes 
to  the  seaboard,  the  capacity  of  the  waterway  would  have  to  be 
increased  over  that  of  the  estimate  of  the  Deep  Waterway  Board, 
which  would  materially  add  to  the  expense  account  of  construction 
and  maintenance. 

The  total  entrances  and  clearances  of  New  York  Harbor  are  given  by 
Mr.  Corthell  as  79  544  653  tons,  from  which  it  is  evident  that  the  actual 
export  commerce  from  New  York  must  be  considerably  less  than  the 
registei'ed  tonnage  shown  by  the  clearances  of  the  port. 

A  safer  estimate  can  be  made  by  giving  the  jDort  its  proper  percent- 
age of  the  total  exjjorts  of  29  000  000  gross  tons  from  the  entire  country 
in  1899. 

It  is  not  fair  to  argue  that  because  the  deejaening  of  the  Lake 
channels  from  16  to  21  ft.  resulted  in  reducing  freight  rates  50%, 
that  a  deepening  from  21  to  30  ft.  will  result  in  a  corresponding 
decrease,  for,  as  before  stated,  the  economical  dimensions  of  a  freight 
carrier  in  w'aterways  of  unlimited  depth  is  a  function  of  the  length  of 
haiil.  The  cost  of  sbijjs,  jjer  ton  of  carrying  capacity,  increases  rapidly 
with  tbe  dimensions  of  tbe  sbijj,  and  tbe  corresponding  fixed  charges 
increase  faster  than  tbe  saving  in  tbe  cost  of  transport,  and,  therefore, 
where  terminal  detentions  are  large  in  comparison  with  the  length  of 
haul,  tbe  fixed  charges  from  interest  and  insurance,  in  connection  with 
tbe  time  of  round  trip,  determine  the  maximxtm  limit  of  economical 
construction. 

With  the  Suez  Canal  tbe  elements  of  tbe  i^roblem  are  entirely 
different.  The  vessels  passing  the  canal  make  trips  of  several  thousand 
miles,  and,  since  the  depth  of  canal  is  tbe  controlling  element  for  the 
entire  trip,  it  will  pay  to  increase  tbe  depth  to  32.5  ft.  with  a  traffic  of 
only  one-third  of  tbat  of  our  Lake  waterways,  where,  with  a  limited 
length  of  haul,  21  ft.  seems  to  be  an  economical  maximum  depth  for 
waterway  imi^rovement. 

Referring  to  Mr.  Monro's  discussion,  the  writer  by  no  means 
wishes  to  be  understood  as  believing  that  the  Canadian  Canals  will 
prove  a  failure  only  so  far  as  they  may  be  expected  to  divert  traffic 
from  the  present  lake  and  railroad  lines,  or  to  materially  modify  freight 
rates  on  sxicb  lines. 

Tbe  Canadian  Canals  are  achievements  that  their  i^rojeetors  may 
well  be  proud  of,  and  in  tbe  future,  as  in  the  past,  will  continue  to  be 
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Mr.  Wisner.  important  factors  in  the  transportation  of  Canadian  products  and 
manufactures,  wLieli  are  almost  certain  to  largely  increase  in  tlie  near 
future. 

It  is  well  knoTvn  that  barges  of  10  ft.  draft  cannot  safely  navigate 
the  Great  Lakes  except  during  the  average  quiet  weather,  and  for  this 
reason  a  barge  canal  capable  of  passing  vessels  of  16  ft.  draft,  or,  say, 
18  ft.  deep,  has  been  advocated. 

Such  a  canal  would  shut  out  all  traflBc  with  the  seaboard  with  the 
modern  lake  freighters,  and,  from  the  longer  time  required  for  passing 
fleets  of  barges  through  locks,  would  not  have  nearly  as  great  a  capa- 
city as  a  21-ft.  canal.  Such  a  canal  would  in  no  way  aid  in  the  devel- 
opment of  ship  construction  on  the  Lakes,  and,  so  far  as  the  writer 
can  see,  would  not  jiroduce  any  of  the  indirect  benefits  to  be  expected 
from  a  deeper  waterway  with  large  locks. 

Observations  to  determine  the  relative  speeds  of  large  steamers  in 
deep  and  shallow  water  and  restricted  channels  have  been  continued 
since  the  writer's  pajier  was  written,  with  results  which  practically 
confirm  those  obtained  by  the  Board  of  Engineers  on  Deep  Water- 
ways. 

The  observed  speeds  of  five  steamers  running  between  known  points 
on  Lake  Huron  compared  with  those  on  Lake  St.  Clair,  where  the 
depth  was  only  2  to  3  ft.  greater  than  the  draft  of  the  vessel,  showed 
a  reduction  of  speed  of  16%  in  the  shallow  water.  It  should  be  remem- 
bered, however,  that  large  steamers,  with  a  speed  of  10  miles  per  hour, 
run  in  a  sort  of  trough  produced  by  the  motion  of  the  boat  and  the 
action  of  the  propeller,  so  that  there  is  a  "  squat  "  of. the  ship  of  about 
1  ft.,  making  the  dej^th  of  water  beneath  the  keel  that  much  less  than 
indicated  by  actual  draft  of  ship  and  depth  of  channel. 

The  observed  speeds  through  the  St.  Clair  Flats  Canal  and  the 
restricted  channels  of  the  St.  Mary's  River  show  a  little  greater  aver- 
age than  that  obtained  by  the  Board  of  Engineers  on  Deep  Waterways, 
and  indicate  beyond  question  that  8  miles  per  hour  is  a  perfectly  safe 
speed  in  a  waterway  21  ft.  deep,  and  having  a  cross-section  of  5  500 
sq.  ft. 

The  results  of  the  observations  to  determine  the  loss  of  speed  of 
ships  in  restricted  channels,  furnished  by  Mr.  Lionel  B.  West,  are 
very  interesting  and  practically  confirm  the  results  determined  and 
used  by  the  Board  of  Engineers  on  Deep  Waterways,  and  made  the 
basis  of  estimate  of  speeds  in  the  writer's  paper. 

John  Kennedy,  M.  Am.  Soc.  C.  E.,  has  kindly  furnished  the  writer 
with  the  results  of  some  observations  made  on  the  St.  Lawrence 
Biver  to  determine  the  amount  that  a  ship  is  depressed  in  a  channel 
when  running,  which  indicates  that  for  ships  of  22  ft.  draft  and  sijeeds 
of  15  miles  per  hour,  the  vessel  drops,  or  '•  squats,"  about  IJ  ft. 

The  observations  made  for  the  writer  on  shij^s  in  the  lake  channels 
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show  a  drop  of  about  1  ft.  for  a  10-mile  sixhhI,  which,  considering  the  Mr.  Wism 
ditJennuH-  iu  sjjeed,  is  a  cloao  agreenieut  with  the  results  furnished  by 
Mr.  Ki'nuedy,  and  indicates  that  a  19-ft.  draft  is  the  maximum  that 
can  be  safely  used  iu  a  21- ft.  waterway. 

Mr.  Mayer  raises  the  qiiestiou  whether  a  waterway  with  the  same 
area  of  cross-section  as  proposed  by  the  Board  of  Engineers  on  Deep 
Waterways,  and  having  a  depth  of  24  ft.,  would  not  be  more  satis- 
factory than  a  21-ft.  w'aterway. 

It  is  essential  for  an  economical  waterway  that  it  should  have 
sufficient  depth  for  the  safe  passage  of  the  best  freight  carriers  of  the 
routes  connected,  and  a  width  adequate  for  the  safe  passing  of  vessels 
without  too  much  loss  of  time. 

To  make  the  depth  24  ft.  would  diminish  the  width  of  channel 
30  ft.,  and  make  it  unsafe  for  ships  to  pass  each  other  except  at  very 
low  speeds.  It  is  difficult  to  steer  vessels  when  moving  slowly, 
especially  with  a  strong  beam  wind,  and  the  results  of  making  the 
channel  narrower  would  be  frequent  grounding  of  ships  and  a  much 
longer  time  for  passage  between  terminals. 

It  is  noted  that  in  two  of  the  discussions  the  volume  of  water  needed 
for  the  supply  of  the  summit-level  of  the  waterway  is  eiToneously 
stated,  and,  in  order  to  clear  up   any  questions  as  to  volume  of  supply 
necessary,  the  following  analysis  of  the  problem  is  submitted: 
Let  J/]  =  Area  of  lock  X  lift  of  the  lock  west  of  summit-level; 
M.J  =  Area  of  lock  X  lift  of  the  lock  east  of  summit-level; 
Dy  =  Displacement  of  ship  going  east; 
Ry  =  "  "     "         "       west; 

Q   =  Quantity  of  water  used. 
For  vessels  locking  successively  over  the  summit  from  west  to  east : 

Q  =  31  +  Di  -f  31,  —  A  =  -%  +  ^^^2- 
For  vessels  locking  successively  from  east  to  west: 

Q   =  31.^  -H  A  +  J/,  —  A  =  -^2  +  -K 
With  vessels  alternating  regularly  each  way: 
For  vessel  going  east : 
Q  =  31,  +  D,  -  A  =  Mv 
For  vessel  going  west : 
Q  =  31,  +  D,  —  D.,  ^  31.. 

Average  quautity  .sed  pe.  vessel  =  '^^l+M'. 

For  an  entire  season,  the  alternate  lockings  will  average  one-half  the 
total  number  of  lockages,  making  the  supply  of  water  needed  one  and 
one-half  lockfuls  for  each  ship  jjassing  the  summit- level. 

If  the  locks  at  the  ends  of  the  summit-level  have  a  less  lift  than  at 
other  points  on  the  waterway,  3I^  and  3L  must  be  comiDuted  for  the 
maximum  lifts  on  each  side  of  the  summit. 

It  is  interesting  to  note  that,  while  the  displacement  of  a  ship  has  no 
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WITH  DISCUSSION. 

This  subject  has  received  the  attention  of  many  investigators,  and, 
in  consequence,  numerous  formulas  have  been  laid  before  the  engineer- 
ing profession,  with  the  object  of  providing  a  means  of  predicting  or 
estimating  the  probable  strength  of  columns  as  affected  by  their  pro- 
portions. Nevertheless,  it  appears  to  the  writer  that  no  apology  is 
needed  for  a  fresh  attempt  in  this  direction. 

In  developing  a  theory  of  column  resistance  and  its  resulting  for- 
mulas some  of  the  more  important  points  requiring  to  be  kept  in  view 
are  the  following: 

1.  The  theory  should  be  based  on  correct  principles  and  the 

formulas  should  be  of  correct  form,  without  introducing 
refinements  which  have  but  little  practical  value  or  influ- 
ence on  the  results. 

2.  The  theory  and  formulas  should  have  a  wide  range  of  appli- 

cation, to  cover  the  conditions  met  in  engineering  practice. 
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auil  sboulil  not  bo  limited  to  the  case  of  columns  under 
presumably  central  loads. 

3.  The  reasoning  and  the  formulas  should  be  sufficiently  simple 

to  be  understood  by  other  than  expert  mathematicians, 
and  should  be  suitable  for  use  in  every-day  engineering 
practice. 

4.  The  theory  must  show  agreement  with,  and  be  a  reasonable 

explanation  of,  the  results  of  practical  experiment. 

5.  The  formulas  should  in  practice  be  applicable  generally  to 

different  materials,  by  simply  introdiicing  the  values  of  the 
ordinary  physical  constants  of  strength  and  stiffness. 

6.  Empirical  factors  should  be  reduced  to  a  minimum. 

The  simple  theory  and  formulas  which  are  set  foi'th  in  this  pajjer 
show  a  fair  compliance  with  the  foregoing  requirements,  and  it  is 
hoped  that  they  may  assist  the  practical  engineer  to  a  better  under- 
standing of  the  important  subject  of  column  strength. 

The  underlying  principles  ui^on  which  the  reasoning  is  based  are, 
(1)  that  a  perfectly  centered  column  of  perfect  material  and  straight- 
ness  is  an  ideal  conception  seldom  or  never  realized  in  practice,  and  (2) 
that  the  various  disturbing  influences  preventing  the  realization  are 
practically  all  caisable,  as  regards  their  ultimate  effect,  of  being 
represented,  by  an  equivalent  eccentricity  of  loading. 

Any  theory  based  on  these  principles  ought  to  be  identical  in  its 
results  with  the  theory  of  the  ideal  jjerfectly  centered  column  of 
perfect  material  and  straightness,  when  the  factor  representing  eccen- 
tricity is  reduced  to  zero. 

The  assumption  of  the  princij)le  of  equivalent  eccentricity  receives 
practical  justification  in  the  records  of  the  exjieriments  of  James 
Christie,  M.  Am.  Soc.  C.  E. ,  the  late  Charles  A.  Marshall,  M.  Am. 
Soc.  C.  E.,  M.  Considere,  and  Professor  Bauschinger,  each  of  whom 
found  that  the  physical  axis  of  resistance  in  a  column  did  not  neces- 
sarily coincide  with  the  geometrical  axis,  and  in  fact  very  frequently 
did  not.  Each  of  these  experimenters  made  tests  in  which  he  prac- 
tically felt  for  the  physical  axis  in  order  to  obtain  a  higher  strength 
for  the  column  under  trial,  and  found'  that  it  was  quite  loossible  for  a 
cohamn  to  show  higher  strength  when  apparently  loaded  eccentrically, 
as  compared  with  the  strength  when  apparently  loaded  exactly  over 
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the  geometrical  axis.  Mr.  Christie's  and  Mr.  Marshall's  principal 
tests  were  both,  however,  centered  over  the  geometrical  axis,  and  their 
attempts  to  feel  for  the  physical  axis  were  supplementary. 

After  the  development  of  the  theory  and  its  resulting  formulas,  the 
first  difficulty  in  its  application  to  the  case  of  columns  under  appar- 
ently central  loading  is  the  value  to  be  assigned  to  the  equivalent 
eccentricity,  and  a  careful  study  of  the  records  of  nearly  all  the  more 
important  tests  of  columns  was  therefore  undertaken,  with  the  view  of 
arriving  at  some  idea  of  what  that  value  should  be. 

It  became  at  once  apparent,  from  a  comjiarison  of  the  tests  by 
difi'erent  experimenters,  that  isolated  tests  or  a  set  of  tests  covering 
only  a  small  range  in  projiortions,  as  measured  by  the  ratio  of  length 
to  radius  of  gyration,  or  having  only  a  scanty  number  of  tests  at  each 

ratio  —  ,  could  in  themselves  afford  no  reliable  basis  for  use  in  i)ractical 
r 

work,  and  the  writer  has  no  hesitation  in  saying  that  any  general 

conclusions  or  formulas  derived  from  such  conditions  are  absolutely 

misleading. 

It  also  became  most  clearly  evident  that  any  conclusions  deduced 
from  experiments  must  make  full  allowance  for  the  possible  or  prob- 
able history  of  the  material  of  the  column  during  its  manufacture 
and  during  its  jDreparation  for  the  testing  machine. 

Many  of  the  causes  of  the  divergence  of  practical  experiments  from 
the  theoretic  ideals  have  been  incidentally  alluded  to  in  able  papers 
and  discussions  on  the  subject  of  column  resistance,  but,  very 
frequently,  too  much  emphasis  has  been  laid  upon  the  variable  nature 
of  the  material — excepting  jierhaj^s  in  the  case  of  timber — and,  on  the 
other  hand,  too  little  has  been  credited  to  the  probable  history  of  the 
material,  and  to  the  influence  of  apjjarently  insignificant  initial  curva- 
ture in  the  specimens,  or  small  errors  in  setting  in  the  testing  machine. 

The  divergence  alluded  to  may,  with  every  probability  of  truth,  be 
partly  credited,  in  the  case  of  wrought  iron  and  steel,  to  the  effects  of 
the  inevitable  cold-straightening  to  which  every  bar,  jjlate,  or  shape, 
turned  out  of  the  rolling  mill,  must  be  subjected  before  being  fit  for 
use  in  ordinary  construction,  and  to  a  still  greater  degree  before  being 
put  into  a  testing  machine  as  a  jiroperly  prepared  specimen. 

It  cannot  be  too  clearly  realized  that  the  material  used  in  every-day 
construction  is  in  anything  but  an  ideal  condition  as  regards  freedom, 
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from  iutoruiil  stresses,  auil  as  regards  uuiformity  of  elastic  resistance 
in  its  detailed  sections. 

This  is  quite  a  difterent  thing  fi-om  assuming  that  material  of 
similar  history  and  of  the  same  class  varies  very  widely  in  its  compres- 
sive strength,  or  in  the  value  of  the  modulus  of  elasticity. 

Striking  instances  of  the  influence  of  history  have  been  given  by 

Sir  Benjamin  Baker,  Hon.  M.  Am.  Soc.  C.  E.,  in  the  case  of  ex23eri- 

ments  which  he  carried  out  on  solid,  mild- steel  columns,  30  diameters 

in  length,  showing  that  the  resistance  varied  according    to   previous 

treatment,  as  follows:* 

Tons  per 
square  inch. 

"  Annealed 14.5 

Previously  stretched,    10  j^er  cent 12.6 

'•  compressed,  8      "         22.1 

9      "         28.9 

Straightened  cold   11 .8  " 

There  are  also  a  number  of  refei-euces  to  the  influence  of  history  in 
Mr.  James  Chiistie'sf  paj^ers  on  the  strength  of  iron  and  steel. 

The  effect  of  cold-straightening  is,  of  course,  to  locally  strain  the 
material  beyond  the  limit  of  elasticity,  and,  without  this  overstrain, 
the  bar  or  plate  could  not  be  straightened.  The  result  is  that  at 
certain  points  the  modulus  of  elasticity,  or,  in  other  words,  the  stiff- 
ness of  the  fibers  overstrained  in  tension,  is  lowered  very  greatly  as 
regards  resistance  to  compressive  stress,  and  the  fibers  overstrained  in 
compression  are  affected  similarly  as  regards  their  resistance  to  tensile 
stress.  In  addition,  permanent  internal  stresses,  both  tensile  and 
compressive,  are  set  up  in  the  material,  and  these  are  neither  imagi- 
nary nor  insignificant.* 

A  direct  consequence  of  this  interference  with  natural  conditions 
is  that  the  "physical''  axis,  or  the  axis  passing  through  the  center  of 
resistance  of  every  section  of  the  column,  will  not  be  coincident  with 
the  geometrical  axis,  and  in  forming  a  mental  conception  of  the 
physical  axis  under  these  artificial  conditions,  we  are  driven  to  the  con- 
clusion that  in  practical  work  it  can  rarely,  if  ever,  be  a  straight  line. 

If  these  deductions  be  extended  to  the  case  of  short  test-specimens 

under  compression,  how  is  it  to  be  expected  that  accurate  determina- 

*  Minutes  of  Proceedings,  Institution  of  Civil  Engineers,  Vol.  xcii,  p.  44. 
t  Transactions,  Am.  Soc.  C.  E.,  Vol.  xiii. 
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tions  of  the  natural  elastic  compressive  strength  can  be  derived  from 
specimens  cut  from  a  portion  of  the  material  which  may  previously 
have  been  subjected  to  cold-straightening.  Other  portions  of  the 
same  piece  may  not  have  been  in  the  straightening  press,  and  it  would 
then  be  reasonable  to  expect  them  to  show  a  higher  value  of  elastic 
strength. 

In  the  case  of  built  columns,  the  effect  of  the  process  of  machine- 
riveting  is  another  outside  influence  on  the  condition  of  the  material 
which  requires  recognition.  Every  practical  constructor  knows  that 
in  riveting  up  a  member  by  hydraulic  machine-riveters,  the  various 
parts  have  a  tendency  to  stretch  out  and  creep  iiast  each  other,  some- 
times in  very  different  degrees,  resulting  in  the  members  twisting  or 
bending  out  of  a  straight  line,  and  no  clearer  evidence  can  be  adduced 
to  prove  the  existence  of  somewhat  heavy  internal  stresses  in  the 
finished  work. 

In  symmetrical  sections  the  effect  of  the  riveting  down  one  side 
will  be  apparently  neutralized  by  the  subsequent  riveting  on  the 
other;  but  in  an  assemblage  of  plates  and  angle  bars,  or  other  sections, 
as  already  remarked,  the  plates  and  bars  often  stretch  or  cree^)  in 
different  degrees,  so  that,  although  the  resulting  member  may  be 
quite  straight  and  free  from  twist,  this  will  be  no  proof  of  the  non- 
existence of  severe  artificial  internal  stresses. 

Among  the  instances  of  this  which  have  occurred  in  the  writer's 
experience,  one,  in  connection  with  a  bridge  over  the  River  Tyne, 
England,  may  be  mentioned. 

In  order  to  guard  against  this  creeping  tendency,  the  writer 
specified  that  the  large  columns  of  the  river  jjiers  should  have  their 
butt-joint   ends   machined   over  the   full   section, 

SECTION  OF  COLUMN. 

after  having  been  riveted  up  in  lengths  ia  the  con-    -f ^■'*'^  •   'a/ 

^  X  O  I  fl  ^ANGLES  S  X  4  Xj'* 

tractors'  yard,  to  ensure  that  the  butts  should  bear  *"=tKA,'xV"     3,i';\'?,^ 
on    each  other  for  the   full  sectional  area  of  the    -?  i  %7Il\ 

members.  1  !         ,,         ; 


• 3-0-  - 


These    columns    are    of   cruciform  section,    as         *" 
shown  in  Fig.  1,  and  the  total  length  of  each  con- 
sists of  three  lengths  of  about  27  ft.     By  some  oversight,  however,  in 
the  case  of  some  of  the  columns,  the  specified  requirement  was  not 
carried  out   in  the  contractors'  yard,  and  instead,  the  ends  of  each 
individual  bar  and  plate  were  machined  to  a  very  good  fit  before  rivet- 
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iiifi;  was  coiiumnu'tHl.  Tiic'kiuf^  rivets  were  thim  i)ut  in  to  bold  the 
various  j)arts  iu  their  correct  relative  jiositions,  aud  the  riveting  was 
proceeded  with  throiighoiit  the  length  of  27  ft.,  and  on  its  completion 
it  was  found  that  the  angle  bars  aud  plates  had  crept  past  each  other 
iu  varying  degrees,  so  that  the  previous  careful  fitting  was  of  no  avail, 
and  the  joint  had  to  be  re-dressed  by  hand.  The  web-plate  ends  were 
also  found  to  be  hollow  to  the  extent  of  re  in-  in  the  half-width  of 
column  between  the  angle  bars,  and  this  undoubtedly  i:)oints  to  the 
fact  that  internal  stresses  must  exist  in  the  column  as  made. 

The  columns  ajijieared  to  be  quite  straight  and  true  as  a  whole, 
and  the  material  of  the  j^lates  and  angles  was  all  made  and  tested 
under  the  same  specified  requirements  of  tensile  strength,  28  to  32  tons 
(2  24-0  lbs.)  per  square  inch,  with  ultimate  elongation  of  at  least  20%" 
in  8  ins.    The  material  is  open-hearth  acid-process  steel,  throughout. 

In  the  case  of  cast-iron  columns,  of  course,  cold-straightening 
or  machine-riveters  do  not  enter  as  disturbing  influences,  but  it  is 
hardly  necessary  to  point  out  the  probably  similar  influences  due  to 
the  hidden  defects  and  internal  stresses  known  to  exist  more  or  less 
in  all  castings. 

The  other  influences  to  which  the  writer  has  referred,  i.  e.,  the 
presence  of  initial  curvature  or  small  errors  in  setting  specimens  in 
the  testing  machine,  have  by  no  means  an  insignificant  value  in  the 
results  obtained  in  experiments  on  "  centrally  "  loaded  columns. 

Mr.  James  Christie,  in  his  paper*  entitled  "Experiments  on  the 
Strength  of  Wrought-Iron  Struts,"  remarked  that  his  specimens  -^ere 
practically  straight,  but  careful  measurements  revealed  the  existence 
of  small  amounts  of  initial  curvature.  These  measurements  are 
recorded  in  his  tables  of  results,  and  the  calculations  of  deflection 
hereafter  given  will  show  that  they  had  an  ajjpreciable  influence  on 
the  strength  of  the  specimens.  Mr.  Charles  A.  Marshall's  tests  also 
give  valuable  evidence  in  the  same  direction. 

The  importance  of  apparently  very  small  errors  in  setting  the 
columns  in  the  testing  machine  also  received  most  definite  practical 
d  emonstration  in  the  tests  by  Mr.  Christie  and  Mr.  Marshall,  and  also 
in  those  by  Professor  Bauschinger,  since  moving  the  specimens  very 
small  distances  from  their  original  positions  had  great  influence  on 
the  results. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xiii. 
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In  view  of  these  prejudicial  influences,  it  can  be  no  matter  for 
surprise  that  such  Avide  differences  exist  between  results  obtained 
under  ax^parently  identical  conditions,  by  the  same  experimenter,  on 
the  same  material  and  with  columns  of  precisely  the  same  proiiortions. 
It  is  surprising,  however,  that  attemi3ts  are  made  constantly  to  express 
the  average  results  of  such  wide  dififerences  by  a  single-line  formula. 

What  would  be  thought  of  an  engineer  who  used  wrought  iron  and 
mild  steel  indiscriminately,  in  a  bridge  or  other  structure,  after  strik- 
ing an  average  between  the  tensile  strengths  of  the  two  materials  as  a 
Lasis  upon  which  to  determine  the  sections  of  the  tension  members? 
This  would  be  no  more  erroneoiis  and  misleading  than  the  present 
practice  of  using  the  average  strength  of  columns  of  any  j^articular 
class  of  material  and  of  any  one  value  of  such  jDroportions  as  are  usual 
in  practice.  It  is  surely  a  much  more  rational  and  scientific  procedure 
to  ascertain  within  what  limits  we  may  reasonably  expect  the  strength 
of  columns  to  lie,  and  then  to  base  our  estimate  of  probable  strength 
on  the  lower  limit  so  derived. 

No  reference  is  here  intended  to  be  made  to  what  would  be  deemed 
defective  columns,  in  any  respect,  but  only  to  columns  which  are  in 
every  jjractical  sense  believed  to  be  above  susjiicion.  The  enuncia- 
tion of  the  princii^le  that  the  strength  of  columns  of  any  given  material 
cannot  be  represented  by  any  single-line  formula,  but  must  be  ex- 
pressed by  an  area  within  which  the  results  of  experiments  may  be 
expected  to  lie,  was,  the  writer  believes,  first  made  by  Professor  T. 
Claxton  Fidler,  M.  Inst.  C.  E.,*  ascribing  the  variations  in  column 
strength  to  variations  in  the  modulus  of  elasticity. 

In  jalotting  the  results  of  the  tests  of  various  experiments  upon  the 
diagrams  accomiianying  this  j^aper,  the  writer  has  endeavored  to  show 
every  test  wherever  jjossible,  j^rovided  no  defects  or  special  circum- 
stances were  involved. 

In  the  case  of  Professor  Tetmajer's  tests,  the  records  of  a  consider- 
able number  of  the  results,  as  given  in  his  tables,  were  the  averages  of 
two  specimens,  so  that  those  diagrams  on  which  Tetmajer's  tests  are 
plotted  do  not  show  the  full  range  of  the  tests,  and  the  difi'erences 
between  maximum  and  minimum  results  would  be  actually  somewhat 
more  than  showTi.  In  all  other  cases,  however,  it  is  believed  that 
every  result  plotted  on  the  diagrams  refers  to  a  single  exjDeriment. 

*  "•  Od  the  Practical  strength  of  Columns,  and  of  Braced  Struts,''  Minutes  of  Pro- 
ceedings, Institution  of  Civil  Engineers,  Vol.  Ixxxvi 
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As  far  as  the  writer  is  awaro,  Hodgkiuson's  tests  of  colunms  of  Low 
Moor,  No.  3,  oast  irou  ami  of  wrought  iron,  with  both  ends  rounded  or 
both  ends  flat,  are  shown  here  complete  and  in  their  full  number 
(within  the  limits  of  length  of  the  diagrams)  for  the  first  time. 

Hodgkinson's  other  experiments  on  cast-iron  columns  are  also 
shown  on  a  diagram  to  which  further  reference  will  be  made,  but 
these  tests  were  on  specimens  of  various  kinds  of  cast  iron,  and  by 
themselves  could  form  no  reliable  guide,  although,  together  with 
Hodgkinson's  experiments  on  Low  Moor,  No.  3,  cast  iron,  they  have 
formed  practically  the  only  basis  for  the  design  of  cast-iron  columns 
for  the  last  fifty  years ;  and  extensive  tables  of  the  strength  of  cast- 
iron  columns,  based  on  them,  and  calculated  from  Gordon's  or 
Rankin's  formiilas,  are  to  be  found  in  nearly  every  pocketbook  jjub- 
lished  for  the  use  of  engineers. 

The  diagrams  have  all  been  plotted  to  such  proportions  as  to  show 
clearly  the  diflferences  between  the  various  tests  and  also  their  relation 
to  the  calculated  curves  derived  from  the  writer's  formulas.  It  would 
have  been  easy  to  have  shown  an  apparently  better  agreement  by 
adopting  other  proportions  for  the  diagrams. 

The  writer  proposes  to  deal  with  the  theory  and  resulting  formulas 
in  the  first  place,  and  aftevward  to  compare  them  with  the  results  of 
nearly  all  the  more  important  series  of  tests  hitherto  made  upon 
columns  of  cast  iron,  wrought  iron,  steel  and  timber. 

THEOEETICAIi   PlONCIPIiES. 

Any  column  with  the  smallest  eccentricity  of  loading  or  the 
smallest  amount  of  initial  curvature  will  immediately  begin  to  deflect 
under  load,  and  the  deflection  will  increase  in  a  much  more  rapid 
degree  than  the  increase  of  load,  and  every  increase  in  deflection  tends 
still  further  to  increase  deflection.  It  is  this  last  fact  which  makes  a 
column  of  moderate  length  so  exceedingly  sensitive  to  small  deviations 
in  loading  or  to  small  initial  bends. 

In  order  to  arrive  at  an  expression  for  the  strength  of  any  column, 
it  is  therefore  necessary  to  develop  first  a  formula  to  express  the  deflec- 
tion of  that  column  under  given  conditions.  The  deflection  of  a 
column  is  caused  solely  by  the  bending  moments  imposed  upon  it,  and 
the  laws  of  deflection  are  therefore  the  same  as  for  a  beam  under 
transverse  stress. 
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The  probable  deflection  of  a  solid  beam  subjected  to  bending 
moments  can  be  determined  very  simj)ly,  with  all  necessary  practical 
accuracy,  if  the  relations  existing  between  the  stress  diagram  and  the 
resulting  deflection  are  made  use  of.* 

These  relations  apply  with  ec[ual  correctness  to  the  case  of  a  column. 
Let  P  §  in   Fig.   2  represent  a  cantilever  of 

uniform  section,  and  let  P  Q  E  be  the  diagram        j* ^ZZ^r^l 

of  bending  moments — either  regular  or  irregu-    -P^i^TTrrnTfilllllTlllnlllO 
lar  in  outline.     Let  /=  moment  of  inertiajof 
the   cross-section    of  the  cantilever,  and  E  = 
modulus  of  elasticity  of  the  material  used. 

Take  sections  at  distances  x  and  .c  -|-  s  from  the  point  P  at  the 
extreme  outer  end  of  the  cantilever,  and  let  it  be  required  to  find 
the  deflection  of  the  point  P  below  the  point  T  at  the  center  of  s, 
caused  by  the  stress  existing  between  the  two  sections,  which  are 
further  supposed  to  be  exceedingly  close  together,  so  that  s  is  very 
small  compared  to  ./;.  This  being  so,  the  bending  moment  on  the  canti- 
lever between  the  two  sections  may,  without  ajjpreciable  error,  be 
assumed  as  uniform  for  the  length  s. 

Then,  if  J/ be  the  bending  moment  at  the  sections  considered,  and 
c,  c'  the  distances  of  the  extreme  fibers  from  the  neutral  axis  of  the 
sections,  the  resulting  stress  in  the  fibers  will  be 

/=  -^-and  /    =-7-' 

the  common  formula  for  the  stress  in  a  solid  beam. 

The  resulting  extension — or  compres- 
sion— of  these  extreme  fibers  ^will    be 

fs  f  s 

A.  =  ^  and  A'  =  ^^ ,  and  the  point  P 

will  be  deflected  below  the  point  T,  as 
shown  in  Fig.  3  by  dotted  lines,  and  it 
is  clear  that,  if  we  reduce  s  to  an  ex- 
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ceedingly  small  quantity,  —  = —  : 

(5  is  very  small;  and  therefore 
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*•■  Theory  of  Solid  and  Braced  Elastic  Arches.'^  bv  W.  Cain.  M.  Am.  Soc  .  C.  E.,  1879, 
and  '■  Continuous-Girder  Bridges."  by  T.  C.  Fidler,  Minutes  of  Proceedings ,  Institution 
of  CivQ  Engineers.  Vol.  Ixxiv,  188.3. 
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We  have  here  dealt  only  witli  tlie  tleflectioiifl  resulting  from  the 
bemling  moment  and  stress  existing  between  the  two  sections,  at  dis- 
tances .(•  and  .(•  -}-  -"*■  from  the  point  P,  but  the  same  relation  holds  for 
all  other  sections,  and  the  total  deflection  caused  by  the  bending 
moments  along  the  whole  length  /  of  the  cantilever  will  he  ^  8  =  J  := 

J\l  S  OC  J^  ^  7* 

the  sum  of  the  values  of     .-,  _  between  the  points  P  and  0  =  2;     „  '  . 
EI  ^  ^  EI 

The  numerator  of  this  qiiantity  is  simply  the  moment  of  the  area 

of  the  diagram  of  bending  moments  around  the  exti'eme  point  P,  and 

the  equation  may  be  put  into  the  form 

AX 


A  = 


EI' 


where  A  =  area  of  diagram  of  bending  moments; 

X  =  distance  of  center  of  gravity  of  this  area  from  the  point  P. 

It  is  to  be  remembered  that  the  deflection  to  be  dealt  "«dth  in  beams 
is  always  jjractically  very  small,  compared  to  the  length  of  the  beam, 
and  the  above  reasoning  is  not  intended  to  be  applied 
to  absurd  and  improbable  extremes.  The  relations 
deduced  would  not,  of  course,  apj^ly  to  a  girder  with 
a  deep  braced  web  under  heavy  shearing  stresses,  but 
on  a  solid  beam  section  the  deflection  due  to  shearing 
stress  is  very  small  compared  to  that  due  to  transverse 
bending;  and,  in  the  case  of  columns,  whether  solid  or 
with  braced  webs,  the  shearing  stresses  are  again  much 
less  than  are  usual  in  beams. 

It  is  a  simple  matter  to  apply  the  foregoing  rela- 
tions to  the  case  of  a  column  under  eccentric  load, 
and  with  round  or  perfectly  free  pivoted  ends.  Let 
Q  R  (Fig.  4)  represent  the  axis  of  a  column  of  length 
I  acted  upon  by  forces  P  acting  at  a  distance  e  from 
"the  axis  at  its  ends,  with  a  resulting  deflection  J  at  the  center  of  the 
column's  length. 

The  column  deflection  is  exaggerated  in  the  figure,  for  the  sake  of 
clearness,  and  the  length  I  marked  thereon  appears  to  be  considerably 
shorter  than  the  true  length  of  the  curved  axis  of  the  bent  column, 
but  the  difference  in  an  actual  column  under  test  would  be  very  small, 
and  would  not  aftect  the  reasoning  to  any  appreciable  extent. 

The  diagram  of  bending  moments  will  then  be  as  show-n    in  the 


i. 


^<-4- 


mm\  -(« 


:.--*. 


Fig.  4. 


344  MOKCRIEFF   OJf   THE    PEACTICAL   COLUMN. 

figure  included  between  the  curve  of  the  bent  column  and  the  line  of 

action  of  the  end  forces  P  P,  and,  treating  each  half  of  the  column  as 

a  cantilever,  the  deflection  from  the  tangent  to  the  bent  column  at  its 

A  X 
center  -will  be  J  =    ^     when  equilibrium  is  established  between  th 

bending  moments  produced  by  the  eccentric  load  with  the  resulting  de- 
flection, and  the  internal  moment  of  resistance  of  the  column  sections. 

In  order  to  solve  this  equation  for  any  given  case,  it-  is  necessary, 
theoretically,  to  know  the  exact  character  of  the  curve  of  the  bent 
column,  as  the  bending  moment  at  any  point  ^  P  [e  -\-  A'),  where  A' 
is  the  deflection  from  the  chord  line  at  that  point,  but  we  are  mainly 
concerned  with  the  deflection  and  bending  moment  at  the  jDoint  where 
these  are  maxima,  /.  e.,  at  the  center  of  the  column  length,  and  the 
central  deflection  is  the  very  quantity  that  is  sought. 

Practically,  however,  it  is  of  small  importance  to  know  the  precise 
nature  of  the  curve,  and  a  considerable  divergence  from  theoretic 
accuracy  in  our  knowledge  of  its  true  character  makes  but  a  trifling 
difference  to  the  final  result,  as  may  be  proved  easily  by  assuming 
various  outlines  for  the  curve. 

If  the  bending  moment  were  perfectly  uniform  for  the  full  length  of 
the  column,  the  curve  taken  by  the  latter  would  be  part  of  a  circle,  and 
if  the  eccentricity  of  loading  were  indefinitely  small,  the  curve  would 
be  a  curve  of  sines.  The  actual  curve  is  somewhere  between  these, 
and  depends  on  the  amount  of  eccentricity,  and,  as  the  deflection  of 
columns  in  actual  test  or  i^ractice  is  very  small  in  comparison  with  the 
column  length,  it  is  sufficiently  accurate  for  all  practical  purposes  to 
assume  the  curve  to  be  a  iiarabola,  which  will,  under  actual  conditions, 
differ  in  an  exceedingly  small  degree  from  the  curves  of  both  of  the 
extreme  conditions  mentioned. 

Under  any  circumstances,  the  area  of  the  diagram  of  bending  moments 
for  the  half  length  of  a  column,  loaded  as  shown  in  Fig.  4,  will  be 


=  (/>x.xi)  +  (pxi!f'; 


when  y  is  a  coefficient  expressing  the  mean  deflection  in  terms  of  the 
maximum  deflection  J  at  the  center  of  the  column  length,  and  the 
moment  of  this  area  around  the  extreme  end  Q  of  the  column  will  be 


^X=(pxex0i-+(PX^')X^, 
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whei'e  X  is  a  ooefticiout  iu  terms  of  -^,  expi-essing  the  distance  from  Q 

of  the  center  of  gravity  of  the  portion  of  the  moment  diagram  included 
between  the  chord  and  the  curve  of  the  bent  column,  /.  e. ,  that  portion 
of  the  moment  diagram  due  to  column  deflection. 

_,  .   „      P  I'-  e    ,   P  I'-  zl  y.c 

Then  AX= — 5 ( j-^— 

o  4 

P  I' 


and 

i'/=^=8^v(^  +  2Ji/.r); 

and  therefore 

8EIJ  =  Pl^{e-\-2Jyx), 

from  Avhich 

J-             ^^'^ 

HEI—2Pl^yx      ^-^^ 

Now,  making  use  of  the  assumption  that  the  cui've  of  the  bent 
column  is  a  parabola,  the  corresponding  values  of  y  and  x  will  be 

2  ,  5 

y   =-,and..  =  -; 

and  substituting  these  values  in  General  Equation  (1),  we  have  as  a 
practical  result  for  the  deflection  of  columns  under  eccentric  load 

Pr-e ^  Pl-e 

8^7— (2P^2   X  5  X  I)        8EI—iPl^ ^' 

An  inspection  of  these  formulas  at  once  shows  that  any  column,  of 
whatever  material,  with  both  euds  round,  and  with  the  eccentricity  of 
loading  reduced  to  an  exceedingly  small  degree,  in  fact,  to  as  small  an 
amount  as  we  can  form  any  conception  of,  so  long  as  it  has  a  positive 
value,  would  tend  to  have  an  infinite  deflection,  and  therefore  fail 
absolutely,  as  soon  as  the  denominator  of  the  right-hand  member  of 
the  equation  becomes  zero. 

Then,  using  Equation  (1),  J  would  have  an  infinite  value  when 
8  EI=2  P  r-  yx; 
and  the  iiltimate  load  would  therefore  be 

21^  yx 
Under  the  assumed  ideal  condition  of  perfect  central  loading,  the 
cuiwe  of  the  column  when  bent  being  a  curve  of  sines,  the  values  y 
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and  X  would  eaeli  be  —  ,  and   substituting  these  in  the  equation,  we 
It 

have  as  the  ultimate  load  of  the  ideal  column  with  both  ends  round 

„       IT  EI       9.87  EI 


r-  i- 

or  Euler's  formula. 

If  Ea[uation  (2),  based  on  the   curve  of  the  column  being  assumed 

to  be  a  jDarabola,  were  used  in  this  way  to  estimate  the  ultimate  load, 

instead  of  General  Equation  (1),  with  the  correct  values  of  «/  and  x,  the 

result  would  be 

9.6^ 

^ -~  V-      ' 
so  that  by  applying  the  assumption  as  to  the  curve  of  the  column 
being  a  jjarabola,  even  to  the  ideal  extreme,  we  would  make  an  error  on 
the  safe  side  of  only  2.  Td>%  below  the  theoretic  truth 
in  the  estimate  of  ultimate  load,  and  a  small  amount 
of  eccentricity,  such  as  we  may  reasonably  expect  in 
presumably  centrally-loaded  columns  in  actual  prac- 
tice, would  reduce  this  already   small  eiTor  to  still 
smaller  and  jiraetically  inappreciable  dimensions. 

It  is  clear,  therefore,  from  the  foregoing,  that  the 
formulas  for  deflection,  whether  in  the  general  form 
(1),  or  in  the  suggested  practical  form  (2),  are  based  on 
correct  theoretic  principles,  and  are  of  correct  form.  Fig.  5. 

We  have  dealt  hitherto  with  the  case  of  a  column 
supposed  to  be  absolutely  straight  before  loading,  and 
it  remains  to  be  seen  what  influence  a  small  amount  of 
initial  curvature  would  have  on  the  deflection. 

Let  r,  Figs.  5  and  6,  represent  the  versed  sine  of  an  ^g_^; 
initial  curvature,  whether  outwardly  visible  or  not,  in 
the  axis  of  an  eccentrically  loaded  column.  It  may 
have  positive  value,  Fig.  5,  or  negative  value,  Fig.  6, 
relatively  to  the  eccentricity  e  with  which  the  load  is 
imposed. 

Let  r/j  and  x^  be  functions  with  regard  to  the  area 
enclosed  between  the  initial  curve  of  the  column  and 
its  chord  line,  of  similar  character  to  y  and  x,  already  adopted  with 
regard  to  the  curve  of  the  column  resulting  from  sti'ess,  or  let  _?/i  and 
X]^  bear  similar  relations  to  v  and  Iq,%  y  and  x  bear  to  A  and  /. 


Fig.  6. 
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Then,  whatever  be  the  precise  character  of  the  initial  curve  and  the 
detiectiou  curve,  using  the  same  reasoning  as  before,  we  have 

A  X      PI'  {e-\-2i/x  J  ±2i/i  .r,  v)  _ 
EI   ~                        8E1         '              ~ 
=  central  deflection  due  to  stress, 
1   M        e           I        P  P  (e  ±  2  i/i  Xi  v) 
and  therefore  J  =  8^7-27'i^- (^^ 

This  would  give  a  minus  value  to  J,  if  the  quantity  2  Vi  -^i  ^ 
should  happen  to  have  the  minus  sign,  and  at  the  same  time  be  greater 
in  value  than  e,  but  this  would  simply  mean  that  the  deflection  would 
take  place  in  the  opposite  direction  to  that  in  which  e  alone  would 
cause  it  to  bend.  It  must  be  kept  in  view  that  we  are  dealing  with 
small  amounts  of  initial  curvature,  shown  in  exaggeration  in  Figs.  5 
and  6,  for  the  sake  of  clearness. 

In  the  case  of  Fig.  .5,  where  the  initial  curvature  is  positive  with 
regard  to  the  eccentricity,  /.  e. ,  acts  with  the  eccentricity  to  increase 
the  deflection,  the  diagram  of  bending  moments  increases  with  the  load 
imposed  from  the  area  bounded  by  the  straight  line  joining  the  end 
forces  P  P,  and  the  initial  curve  of  the  column,  to  the  area  bounded 
by  the  line  joining  P  P  and  the  curve  of  the  deflected  column. 

The  bending  moment  at  the  center  of  the  column  length  is  primarily 
P  {e  -\-  v),  increasing,  as  the  column  deflects  under  load,  to  P  {e  -\-  v 
-\-  .d).  In  the  case  of  Fig.  6,  the  conditions  are  altered  by  the  initial 
curvature  acting  against  the  eccentricity,  and  the  primary  bending 
moment  at  the  center  of  the  column  length  will  be  P  {e  —  v),  increas- 
ing to  P  {e  ^  V  -\-  /]),  or  P  (e  —  v  —  //),  depending  on  whether  the 
influence  of  e  or  r  hajjpens  to  be  greater  in  producing  the  deflection  J, 
since  z/  must  of  necessity  take  the  sign  of  the  more  influential  of  these 
quantities. 

Now  comparing  Formula  (3)  with  Formula  (1),  it  will  be  seen  that 
an  initial  curvature  has  an  influence  similar  to  an  equivalent  value  of 
eccentricity  of  loading,  and  the  term  (e  ±  2j/i  .x\  r)  maybe  rejilaced  by 
a  single  term  represented  by  f  in  those  columns  for  which  we  cannot 
determine  i^recisely  the  correct  value  e  and  r,  such  as  the  isresumably 
centrally  loaded  column  of  ordinary  material. 

Substituting  the  symbol  e  for  e  in  Formula  (2),  we  then  have 

P  P  s 

^  (4) 
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and  X  would  each  be  —  ,  and   substituting  these  in  the  equation,  we 

Tt 

have  as  the  ultimate  load  of  the  ideal  column  with  both  ends  round 
_  Tt""'  EI _  9.87  EI 
^  "       I-    ~        P 
or  Euler's  formula. 

If  Equation  (2j,  based  on  the   curve  of  the  column  being  assumed 

to  be  a  parabola,  were  used  in  this  way  to  estimate  the  ultimate  load, 

instead  of  General  Equation  (1),  with  the  correct  values  of  y  and  x,  the 

result  would  be 

9.&E_I 

so  that  by  applying  the  assumption  as  to  the  curve  of  the  column 
being  a  jjarabola,  even  to  the  ideal  extreme,  we  would  make  an  error  on 
the  safe  side  of  only  2.  !?>%  below  the  theoretic  truth 
in  the  estimate  of  ultimate  load,  and  a  small  amount 
of  eccentricity,  such  as  we  may  reasonably  expect  in 
l^resumably  centrally-loaded  columns  in  actual  prac- 
tice, would  reduce  this  already  small  error  to  still 
smaller  and  practically  inappreciable  dimensions. 

It  is  clear,  therefore,  from  the  foregoing,  that  the 
formulas  for  deflection,  whether  in  the  general  form 
(1),  or  in  the  suggested  jDractical  form  (2j,  are  based  on 
correct  theoretic  principles,  and  are  of  correct  form.  Fig.  5. 

"We  have  dealt  hitherto  with  the  case  of  a  column 
supi^osed  to  be  absolutely  straight  before  loading,  and 
it  remains  to  be  seen  what  influence  a  small  amount  of 
initial  curvature  would  have  on  the  deflection. 

Let  T,  Figs.  5  and  6,  represent  the  versed  sine  of  an  (-g^fyB 
initial  curvature,  whether  outwardly  visible  or  not,  in 
the  axis  of  an  eccentrically  loaded  column.  It  may 
have  positive  value.  Fig.  5,  or  negative  value.  Fig.  6, 
relatively  to  the  eccentricity  e  with  which  the  load  is 
imposed. 

Let  y^  and  x^  be  functions  with  regard  to  the  area 
enclosed  between  the  initial  curve  of  the  column  and 
its  chord  line,  of  similar  character  to  y  and  ./■,  already  adopted  with 
regard  to  the  curve  of  the  column  resulting  from  stress,  or  let  3/1  and 
.Ti  bear  similar  relations  to  v  and  /  as  3/  and  x  bear  to  z/  and  /. 


Fig.  6. 
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Then,  whatever  be  the  precise  character  of  the  initial  curve  and  the 
deflection  curve,  using  the  same  reasoning  as  before,  we  have 

A  X      P  l""  [e  -\-  2  y  X  J  ±1  yi  .r,  v)  _ 
EI   ~  8  EI  ~ 

=  central  deflection  due  to  stress, 
and  therefore  z/  =  ^~^j^r^/jrfi (3j 

This  would  give  a  minus  value  to  J,  if  the  quantity  2  y^  x-^  v 
should  happen  to  have  the  minus  sign,  and  at  the  same  time  be  greater 
in  value  than  e,  but  this  would  simply  mean  that  the  deflection  would 
take  place  in  the  opposite  direction  to  that  in  which  e  alone  would 
cause  it  to  bend.  It  must  be  kept  in  view  that  we  are  dealing  with 
small  amounts  of  initial  curvature,  shown  in  exaggeration  in  Figs.  5 
and  6,  for  the  sake  of  clearness. 

In  the  case  of  Fig.  5,  where  the  initial  curvature  is  ijositive  with 
regard  to  the  eccentricity,  /.  e. ,  acts  with  the  eccentricity  to  increase 
the  deflection,  the  diagram  of  bending  moments  increases  with  the  load 
imposed  from  the  area  bounded  by  the  straight  line  joining  the  end 
forces  P  P,  and  the  initial  curve  of  the  column,  to  the  area  bounded 
by  the  line  joining  P  P  and  the  curve  of  the  deflected  column. 

The  bending  moment  at  the  center  of  the  column  length  is  primarily 
P  {e  -\-  v),  increasing,  as  the  column  deflects  under  load,  to  P  {e  -\-  v 
+  //).  In  the  case  of  Fig.  6,  the  conditions  are  altered  by  the  initial 
curvature  acting  against  the  eccentricity,  and  the  primary  bending 
moment  at  the  center  of  the  column  length  will  be  P  {e  —  v),  increas- 
ing to  P  {e  —  V  -\-  /I),  or  P  (e  —  v  —  z/),  depending  on  whether  the 
influence  of  e  or  »  happens  to  be  greater  in  producing  the  deflection  J, 
since  J  must  of  necessity  take  the  sign  of  the  more  influential  of  these 
quantities. 

Now  comparing  Formula  (3)  with  Formula  (1),  it  will  be  seen  that 
an  initial  ciirvature  has  an  influence  similar  to  an  equivalent  value  of 
eccentricity  of  loading,  and  the  term  (e  rt  2?/i  x^  r)  maybe  replaced  by 
a  single  term  represented  by  f.  in  those  columns  for  which  we  cannot 
determine  jirecisely  the  correct  value  e  and  v,  such  as  the  presumably 
centrally  loaded  column  of  ordinary  material. 

Substituting  the  symbol  s  for  e  in  Formula  (2),  we  then  have 

%EI—^PP ^' 
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for  the  deflection  of  iiractical  columns  apiDarently  straight,  and 
apparently  centrally  loaded. 

It  must  at  once  be  recognized  that  it  is  practically  impossible  to 
assign  any  value  for  e  beforehand,  for  any  jjarticular  column,  for  reasons 
already  given. 

The  foregoing  reasoning  will  exjjlain  how  it  may  easily  happen  that 
two  columns  of  identical  dimensions  and  of  identical  material,  as  far  as 
"we  are  able  to  determine,  might  give  very  different  results  in  the  test- 
ing machine,  by  one  having  the  internal  v  acting  with  the  accidental  e, 
and  the  other  having  its  internal  v  acting  contrary  to  its  accidental  e, 
since  the  value  of  e  might  be  very  appreciable  in  the  first  case,  and  in 
the  second  case,  if  —  2  ?/i  x^  r  hai^pened  to  be  equal  to  +  e,  the  value  of  e 
would  be  zero,  and  the  column  would  probably  show  a  high  ultimate 
strength. 

We  are  now  in  a  position  to  deduce  a  formiila  to  express  the  maxi- 
mum stress  in  a  column  under  eccentric  load,  and  to  extend  it  to  the 
case  of  the  i^ractical  column  under  presumably  central  load. 

Ref  eri'ing  to  Fig.  4,  the  bending  moment  at  the  center  of  the  column 

length  is 

Ifh       «  r  f,, 


c  c 

P  (e  +  J)  c 


and  therefore  /,,  =  ± 

where  r  is  the  radius  of  gyration  of  the  column  section  in  the  direction 

in  which  the  column  bends,  and/^  represents  the  unit  stress  caused  by 

the  bending  moment  alone  at  a  distance  c  from  the  neutral  axis,  and 

a  =  the  sectional  area  of  the  column. 

The  direct  compression  on  the  column  section  at  the  same  time  is 
P 
-]-fa  =  —  =  average  load  i^er  square  inch  on  the  sectional  area  of  the 

column,  and  the  total  stress  in  the  extreme  fibers  will  therefore  be 
and  now,  substituting  the  value  of  J  from  Equation  (2), 

P  j  c   /  Pf'e  \    ) 
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From  Equation  (5)  it  is  prol.al.lo  that  an  expression  may  he  deduced 
to  give  the  average  load  per  square  inch/,  corresponding  to  a  given 
maximum  or  minimum  stress  F  with  varying  values  of  the  other 
factors,  but  the  writer  has  found  it  much  simpler  and  easier  to  deal 
with  the  value  of  the  ratio  ±  corresponding  to  a  given  value  of 
maximum  or  minimum  stress  i^,  average  stress/,,  modulus  of  elasti- 
city E,  and  a  given  value  of  — . 

,.2 

Efforts  have  been  made,  in  connection  with  most  column  formulas, 
to  determine  the  value  of/,  for  a  given  value  of  1,  but  the  writer 
has  never  found,  in  his  own  practice,  any  advantage  in  this,  and  it  is 
equally  convenient  to  be  able  to  determine  the  value  of  ^  corresponding 
to  a  given  value  of  /,  Either  way  is,  as  a  matter  of  practice,  equally 
suitable  for  the  purpose  of  laying  down  a  curve  to  express  the  strength 
of  varying  proportions  of  columns. 

From  Equation  (5),  the  general  expression  for  the  maximum  stress 
produced  in  a  column,  we  have 

and,  dividing  the  factor     ,  „   •^"  ^" bv  r  ^ 

8Fr2-ff^l2  "J^  ' 

and  using  the  symbol  E  to  represent  — ^,  we  have 

and  now  using  the  +  sign  in  the  brackets  to  determine  the  maximum 
fiber  stress  F. 


K^fal     1  + 


r'    \^8E~5/,^E^]  J 
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from  which  "sv-e  have,  by  simple  algebraic  transformation,  the  value  of 
M  corresiDonding  to  any  fixed  value  of  the  maximum  compressive 
stress  F,., 


or  E  = 


_      I 48 -g rF^  ce~\ 


P) 


Similarly,  using  the  —  sign  in  the  brackets  in  Equation  (6)  to 
determine  the  minimum  fiber  stress  (not  necessarily  tensile)  F,. 

which  is  easilv  transformed  to 


R  = 


(8) 


^5^._/,(-^+5)L^''  '-J 

It  should  be  noted  here  tliat  Fi  only  becomes  tensile  when  the 
maximum  tensile  fiber  stress/)^  caused  by  bending  is  greater  than  the 
direct  comi^ressive  stress/,,,  and  it  should  also  be  noted  that  F^  must 
be  given  its  jjroper  sign  to  correspond  with  its  character,  i.  e.,  -\-  when 
'compressive  and  —  when  tensile,  irresjjective  of  the  fixed  signs  shown 
in  Equation  (8). 

The  iirecise  use  of  these  equations  (7)  and  (8)  is  as  follows: 

Let  it  be  assumed  that  in  a  given  section  of  column,  we  decide 

that  a  certain  value  of  maximum  compressive  stress  F^.,  or  a  certain 

value  of  minimum  stress  F,,  is  not  to  be  exceeded;  these  values  being 

inserted  in  Formulas  (7)  and  (8),  together  with  the  value  of  E  and 

c  a 
—r,  corresj)onding  to  the  material  used  and  the  section  of  column  and 

eccentricity  of  loading  actually  adopted,  we  have  at  once  the  value  of 

jR  corresijonding  to  difi'ei-ent  values  of/,,  the  direct  load  per  square  inch. 

Both  of  these  formulas  reduce  to  exceedingly  simple  terms  on  the 

insertion  of  the  physical  constants  E,  F,,  or  F„  and  the  pro^jer  value 

C  Q 

of — J  ,  as  will  be  seen  later  in  their  application. 

Formulas  (4),  (5),  (6),  (7)  and  (8)  are  all  general  expressions  ajipli- 
cable  to  the  case  of  columns  with  both  ends  free,  and  of  any  given 
material  and  form  of  section,  and  with  any  given  value  of  eccentricity 
of  loading  jjrobable  in  jDractical  work. 

Professor  William  Cain*  came  to  the  conclusion  that,  with  an  ideal 
column,  perfectly  centrally  loaded,  n-p  to  the  value  given  by  Euler's 
*  ••  Theory  of  the  Ideal  Column,''  Transactions.  Am.  Soc.  C.  E.,  Vol.  xxxix. 
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formula,  a  vorv  small  increase  to  this  load  iusures  failure  of  the  column. 
A  very  similar  couclusicm  can  he  drawn  l»_v  applying  Formula  (4)  to 
a  given  example,  say  E  =  30  000  000,  I  =  10  ius.',  /  =  300  ius.,  and 
assume  e  =  0.001  in.,  corresijondiug  to  an  accuracy  of  loading  far 
beyond  practical  possibilities. 

Thpn  /  -     -P^'  ^     _    -P  X  9Q  OOP  X  -oVo 

8  ^  /—  ^  Fl'  ~   2  400  000  000  —  75  000  P 

and  if  P  be  taken  in  units  of  10  000  lbs.,  this  reduces  to 

12  P 

~  32  000  —  10  DUO  P' 

Working  this  out  for  the  various  values  of  P,  we  have  the  results 

sho^n  in  Table  No.  1. 

Table  No.  1. 


P,  in  pounds. 

A,  in  inches. 

P,  in  pounds. 

A,  in  inches. 

P,  in  pounds. 

A,  in  inches. 

0 

0.0000 

31600 

0.0948 

31970 

1.2788 

20  000 

0.002 

31  650 

0.1085 

31975 

1.5348 

25  000 

0.0043 

31  700 

0.1268 

31980 

1.9188 

28  000 

0.0084 

31750 

0.1524 

31985 

2.5588 

29  000 

0.0110 

31800 

0.1908 

31990 

3.8388 

30  000 

0.018 

31850 

0.2548 

31992 

4.7988 

30  500 

0.0244 

31900 

0.3828 

31994 

6.3988 

31000 

0.0372 

31950 

0.7668 

31996 

9.599 

31500 

0.0756 

31960 

0.9588 

32  000 

X 

These  results  are  instructive,  and  it  hardly  needs  a  calculation  of 
maximum  fiber  stress  to  show  how  great  is  the  effect  of  the  small 
additions  near  to  the  tiltimate  load  of  32  000  lbs. 

The  value  of  /assumed  =  10  ins.*  =  a  r',  and  nearly  corresponds 
to  a  rectangular  solid  section  3.307  ins.  square,  with  area  nearly  10.94 
sq.  ins.,  and  least  radius  of  gyration  =  0.955  in.  nearly,  so  that  the 
I         300 


ratio 


514. 


r        0.955 
The  maximum  compressive  fiber  stress 

_  P  (e  +  ^)  c       P  _  P  (0.001  +  //)  X  1.6535  P 

"  ~  ar^       ^a~  10  "^  10.94  sq.  ins. 

from  which  we  have,  when 

P  —  s  -{-  e  =  F  lbs.  per  square  inch  : 

31  990 3.8398 23  200 

31992 4.7998 28  300 

31994 0.3998 37  000 

31996 9.6       53  600 

32  000 Qc         X 
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A  most  interesting  feature  of  these  figures  for  maximum  fiber  stress 
is  the  theoretic  assurance  which  they  give  as  to  the  capacity  of  long 
columns  to  resist  fatigue,  even  -n-hen  loaded  nearly  uji  to  the  crijjpling 
point;  and  if  the  material  of  the  column  dealt  -with  in  the  example  be 
assumed  to  have  a  compressive  elastic  limit  of,  say,  40  000  lbs.  -pev  square 
inch,  it  will  be  seen  that  the  column  would  be  quite  uninjured  by  an 
infinite  number  of  loadings  within  10  lbs.  of  its  ultimate  supporting 
power.  This,  of  course,  would  only  hold  good  if  the  load  were  imposed 
without  the  slightest  dynamic  effect,  or  imj^act. 

This  completes   the  investigation  of  what    may  be  termed   "the 

elementary  column,"  of  which,  columns  with  fixed  ends,  flat  ends  and 

pin  ends,  may  be  considered  as  merely  modifications. 

(^ 
It  •will  be  noticed  that  the  formulas  in  each  case  include  a  term  — 

r 

dependent  on  the  form  of  column  section,  and  the  writer  at  one  time 
hoped  to  find  practical  verification  of  the  influence  of  form  of  section 
in  the  jjublished  results  of  experiments,  but  the  influence  of  other 
factors  is  too  great  and  the  number  of  tests  on  any  one  form  of  section 
is  too  small  to  enable  this  to  be  done  as  yet. 

Again,  the  number  of  experiments  carried  out  with  a  value  of 
■eccentricity  sufficiently  great  to  make  it  a  i^aramount  factor  is  very 
small,  and  in  the  great  mass  of  tests  hitherto  made,  the  endeavor  has 
been  to  impose  the  load  "centrally";  we  must,  therefore,  substitute 
£  (see  page  347j  for  e  in  the  formulas  when  ajjplying 
them  to  experiments  under  i^resumably  central  loads.  ^^^ 
Under  these  circumstances,  it  ajDpears  justifiable,  in  | 
our  present  state  of  knowledge,  to  consider  the  factor 

c  s 
—^  as  a  constant,  of  which  the  value  for  centrally 

loaded  columns  must  be  determined  from  available 
experimental  records. 

Attention  will  be  given,  next,  to  the  fixed-ended  - 
column  shown  in  Fig.  7,  the  section  being  assumed 
to  be  uniform,  as  before.  When  under  load  the 
column  W  W  will  bend  in  a  double  reverse  curve  similar  to  that 
shown  in  the  figure,  and  the  central  poriion  of  the  column  H  H  will 
behave  similarly  to,  and  be  subject  to,  the  same  laws  as  a  free-ended 
column.  The  question  to  be  solved,  in  the  first  place,  is  as  to  the 
proj)ortion  of  the  total  length  of  a  fixed-ended  column,  which  will  act 


Fig.  7. 
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as  a  free-eniletl  columu.     This   proportion  is  fretjuently  stated  to  be 
oue-half,  without  any  reasons  being  stated. 

In  determining  this  it  is  convenient  to  consider  one-balf  of  the 
cohimu  only  (since  the  other  will  necessarily  behave  in  a  pi-ecisely 
similar  manner)  as  shown  in  Fig.  8,  to  a  larger 
scale. 

Referring  again  to  Fig.  3  and  its  descriptive 
context  it  was  shown  that 

31  s  X 


d  = 


EI 


and  therefore  —  =  ^=-> 
.c         EI 


the  tangent  of  the 


angle  of  slope  set  up  at  the  end  of  the  length  x 
by  the  stresses  in  the  portion  s  of  the  canti- 
lever considered;  and  as  this  angle  of  slope  is 
in  i^raotice  exceedingly  small,  its  tangent  will 
practically  represent  the  angle  in  circular  measure  with  all  necessary 
accuracy,  and  the  sum  of  all  the  exceedingly  small  angles  of  slope, 
for  the  full  length  of  the  cantilever,  will  then  be 


Ms 
EI 


EI~  X  ~^' 


or  the  angle  of  slope  at  the  extreme  end  of  the  cantilever  is  propor- 
tional to  the  area  of  the  curve  of  bending  moments. 

As  before,  this  reasoning  and  its  results  apply  equally  well  to  the 
bent  column. 

In  Fig.  8  the  tangent  il/iVto  the  curve  of  the  bent  column  at  the 
point  of  contrary  flexure  fl^is  common  to  both  portions  of  the  curve, 
and  the  slope  of  each,  portion  is,  therefore,  the  same  at  this  point, 
since  the  tangents  at  W  and  V  remain  vertical  and  j^arallel  to  each 
other,  in  consequence  of  the  flxity  of  the  end  TFand  the  symmetry  of 
the  whole  column  around  the  point  V.  The  area  of  the  bending 
moment  diagram  G  H  TFmust,  therefore,  be  equal  to  the  area  of  the 
bending  moment  diagram  K  H  V.  Further,  as  the  column  section  is 
assumed  to  be  uniform,  and  there  is  no  bending  moment  at  the  point 
H,  where  the  two  portions  ir/T  and  i?  F  react  upon  each  other  in 
simple  compression  and  shear,  the  curvature  of  the  two  portions  at 
co'TCsponding  points  on  either  side  of  i/must  evidently  be  identical, 
inasmuch  as  both  are  of  the  same  section,  subject  to  the  same  forces 
and  subject  to  the  same  laws  of  flexure. 
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From  these  conditions  of  equal  curvature  and  equal  area  of  bending^ 
moment  diagram,  it  results  that  the  length  G  H  must  be  equal  to  the 
length  K  H,  and  each  of  them  -will,  therefore,  be  one-fourth  of  the 
total  length  of  the  column.  Also  the  portion  W  G  of  the  total  deflec- 
tion must  equal  the  portion  K  V,  and  the  bending  moment  at  the  fixed 
ends  TFwill  equal  the  bending  moment  at  the  center  V. 

It  is  thus  determined  that  the  length  of  H  H,  Fig.  7,  acting  as  a 
free-ended  column,  is  one-half  the  total  length  L  of  the  fixed-ended 
column,  or,  in  other  words,  a  fixed-ended  column  carrying  a  given 
load  is  twice  the  length  of  a  free-ended  column  of  the  same  section  and 
having  similar  stresses. 

This  result  is  based  on  assumptions  of  perfect  straightness  before 
bending,  perfectly  homogeneous  material,  and  perfect  fixity  of  ends. 
In  practical  work  some  divergence  will  undoubtedly  occur,  which  will 
require  to  be  allowed  for  by  an  assumed  equivalent  eccentricity  of  load- 
ing, as  in  the  case  of  the  simple  free-ended  column  already  dealt  with, 
and  we  therefore  have,  for  the  fixed-ended  column: 


I 48  E  r- F, -i  _<li~\ 


for  failure  hj 
compression, 


or  2 


J; 


4&E 


-f.CM 


for   faihire 
tension. 


by 


In  actual  practice  the  true  fixed-ended  column  rarely,  if  ever,  exists. 
It  is  difficult,  even  in  experiments  in  a  testing  machine,  to  comply  with 
the  conditions  necessary  to  ensure 
absolute  fixity  of  ends,  and  in  ordinary 
construction  the  difficulty  is  increased 
greatly. 

The  writer  has  found  that  the 
vaguest  ideas  are  sometimes  held  as 
to  what  is"required  to  realize  fixed  ends 
in  a  column.  A  consideration  of  simple 
examples  will  probably  exhibit  this  matter  in  a  clearer  light. 

Assume,  in  the  first  instance,  that  we  have,  as  in  Fig.  9,  a  series- 
of  stiff  gantry  girders,  2  ft.  deep  by  10  ft.  span,  riveted  securely  to  the 
heads  of _columns  30  ft.  high,  firmly  braced  together  to  preserve  their 


Fig.  9. 
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verticality.  Assiiiue,  also,  that  the  foundation  blocks  on  which  the 
colnmu  rests  are  very  ripcid,  that  the  cohimns  have  large  well-bolted 

bases,  aud  that  the  ratio  —  of  these  columns  is  very  large,  and  the 

columns  therefore  slender  in  jjroportion. 

Then  the  imposition  of  load  on  any  span  will  cause  deflection 
in  the  girder,  and  the  ends  of  the  girder  will  deviate  from  the 
vertical  to  a  slight  degree,  but  the  relative  stiffness  of  the  girders 
themselves,  as  comjiared  with  the  column,  being  high,  the  approxima- 
tion to  ideal  fixity  of  ends  would,  practically  speaking,  be  of  a  high 
degree. 

In  the  second  instance,  Fig.  10,  let  the  columns  be  spaced  at  30  ft. 
centers,  retaining  the  same  depth 
of  girder,  2  ft.,  and  mei'ely  increas- 
ing the  girder  sections  to  obtain 
the  same  value  of  working  unit 
stress,  while  increasing  the  radius 
of  gyration  of  the  columns  to 
provide  much  greater  stiflFness  of 
cohimn.  Under  these  conditions, 
the  deflection  of  the  girder  under 

load,  and  consequently  the  slope  of  the  ends  of  the  girders  where  they 
are  securely  riveted  to  the  column  heads,  would  be  increased  largely, 
and  the  columns  would  be  subjected  to  heavy  bending  stresses  in 
addition  to  their  direct  load.  These  columns  would  be  much  less 
heavily  stressed  if  they  had  jiin- joint  connections  to  the  girders, 
and  the  apparent  fixity  of  end,  given  by  a  secure  riveted  connection, 
would  actually  be  accompanied  by  severely  prejudicial  secondary 
stresses. 

The  conclusion  derived  from  these  examples  is  that  in  practical 
work  the  degree  of  approximation  to  fixity  of  ends  depends  entirely 
on  the  relative  stiffness  of  the  column  and  the  other  members  of  the 
structure  attached  to  it;  and  the  estimation  of  this  degree  of  fixity 
demands  the  most  careful  consideration  on  the  part  of  the  engineer. 

One  of  the  advantages  claimed  for  riveted  connections  in 
bridge  work  is  that  the  compression  members  are  thereby  made 
into  fixed-ended  columns,  and  can  be  accorded  higher  stresses  in 
consequence. 


Fig.  10. 
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A  i^ortion  of  a  riveted  main  girder  of  N"type  is  shown  in  Fig.  11, 
with  connections  of  web  members  for  two  panel  jjoints,  and  the 
writer  would  ask  whether  the  tojj  boom  fixes 
the  ends  of  the  vertical  posts,  or  do  the  posts 
fix  the  ends  of  the  panel  lengths  in  the  top 
boom  (which  is  a  column  between  panel 
points),  or  are  we  to  rely  upon  the  stiffness 
of  the  diagonal  tension  members  to  fix  both? 

The  last  can  hardly  be  considered  a  reasonable  assumption,  as  the 
most  heavily  loaded  portions  of  the  top  boom  are  at  the  center  of  the 
span,  where  also  the  lightest  diagonals  are  found,  and  as  regards  the 
posts  fixing  the  ends  of  the  panel  lengths  of  the  top  boom,  this  also  is 
out  of  the  question,  as  the  stiff'ness  of  the  posts  is  usually  small  as 
compared  with  the  stifiness  of  the  boom,  and  if  we  consider  the  top 
boom  as  fixing  the  ends  of  the  vertical  jjosts,  under  which  class  of 
columns  are  we  to  i^lace  the  toi?  boom  jjanel  lengths?  They  could  not 
be  considered  as  fixed-ended,  and  as  they  would  have  to  jjerform 
the  additional  duty  of  fixing  the  vertical  post  ends,  they  could  not  be 
considered  to  be  as  favorably  circumstanced  as  a  round-ended  or  pivot- 
ended  column.  Here,  again,  we  have  to  give  consideration  to  relative 
stiffness  of  parts. 

It  is  common  knowledge  that  heavy  secondary  stresses  exist  in  the 
connections  of  various  members  in  a  riveted  structure,  but  it  is  not 
commonly  recognized  that  these  very  secondary  stresses  may  totally 
destroy  any  imaginary  fixity  of  ends  in  the  compression  members,  and 
actually  place  the  members  under  worse  conditions  of  stress  than  if 
pivoted  end-bearings  were  adopted. 

The  writer  is  neither  seeking  to  depreciate  the  jiractical  value  of  the 
riveted  connections  nor  to  advocate  eitlier  join  or  pivoted  end  connec- 
tions, but  only  wishes  to  point  out  the  erroneous  jirincijiles  on  which 
designs  are  frequently  based. 

As  far  as  the  writer  is  aware,  no  attempt  has  hitherto  been  made  to 
arrive  at  a  rational  basis  for  the  strength  of  flat-ended  columns, 
although  the  greater  number  of  tests  of  columns  have  been  made  with 
this  class  of  end-bearing.  As  a  rule,  the  assumption  has  been  made 
that  they  act  in  precisely  the  same  manner  as  fixed-ended  columns, 
and  column  formulas  to  cover  both  in  one  expression  are  frequently 
given.     This  is  quite  erroneous,  both  from  a  theoretical  jjoint  of  view, 
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anil  from  the  evidout-e  of  iit'tiialoxporimeuts.  With  flat  ouds,  no  tensile 
stress  can  be  developed  at  the  ends,  aud  with  fixed  ends  it  has  been 
shown  that  the  beading  moment  at  each  end  is  theoretically  equal  to 
that  at  the  center  of  the  colnmn. 

It  is  clear,  then,  that  so  long  as  no  tensile  stress  is  set  iip  in  a 
colnmn  with  flat  ends,  it  will  behave  as  a  fixed-ended  column,  that  is, 
up  to  the  point  of  loading  at  which  the  stress  in  the 
column  at  its  ends  and  center  is  as  shown  in  Fig.  12, 
"when  a  small  increase  of  load  on  the  column  will  most 
probably  cause  failure. 

If,  then,  we  use  the  formula  for  minimum  stress 
F(,  and  make  F,  equal  to  zero,  we  obtain  the  value  of 
R  at  which  a  given  value  of/,,  will  produce  a  minimum 
stress  zero,  and  we  will  thus  determine  the  value  of 
R  corresponding  to  inciiiient  tensile  stress,  and  the 
formula  with  F^  inserted  as  of  zero  value,  will  give 
what  may  be  called  the  critical  value, 


R  =  2 


=  2 


48^ 


(0-1  +  ^) 


=  2 


48 


^  (  1 \     {  when  tension  is  incipi 


ent     in    flat-ended 
columns. 


(9) 


Here,  again,  it  is  nesessary  to  determine  from  esperimetital  results 


e  f 


used  to  determine  ultimate  strength. 

It  may  be  urged  that  the  load  prodiicing  incijiient  tension  in  any 
given  flat-ended  column  may  not  be  the  ultimate  load;  but,  as  soon  as 
tension  is  attempted  to  be  set  up  at  the  ends  of  a  flat-ended  column, 
the  column  will  be  in  a  highly  unstable  condition,  and  the  ends  will 
begin  to  rotate  on  their  bearing  faces.  This  is  most  readily  seen  by 
considering  the  case  of  a  fixed-ended  column  in  which  tensile  stresses 
have  been  set  up  at  the  ends  and  center. 
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If  the  fibers  in  tension  at  the  ends  M'ere  cut,  so  as  to  transform  the 
column  into  a  flat-ended  column  while  under  load,  we  would  naturally 
expect  the  column  to  alter  its  curvature  immediately,  and  largely 
increase  its  deflsctioa,  with  the  result  that  it  would  i3robably  fail 
immediately,  or  with  a  comparatively  small  additional  load.  The 
substantial  truth  of  this,  in  practice,  is  most  clearly  evident  in  IVIr. 
Christie's  experiments,  as  will  appear  later. 

By  plotting  the  curves  for  the  two  conditions,  one  for  failure  by  maxi- 
mum compressive  stress,  and  the  other  for  the  critical  condition  of  in- 
cipient tension,  it  is  made  evident  that  with  any  given  section  of  column, 
up  to  a  certain  value  of  R,  dependent  on  the  eccentricity  of  loading  and 
modulus  of  elasticity,  no  tension  can  be  set  up  in  the  column,  whatever 
the  load,  and  flat-ended  columns  below  this  limiting  joroiJoi-tion  behave 
in  every  sense  as  fixed-ended  columns,  while  beyond  this  i^oint  the 
strength  will  fail  more  or  less  rapidly. 

The  writer  believes  that  the  value  of  the  difference  in  the  strength 
of  fixed  and  flat-ended  columns  is  here  dealt  with  in  a  rational  manner 
for  the  fii-st  time. 

With  regard  to  pin-ended  columns,  it  is  quite  useless  to  theorize 
with  the  view  of  showing  their  superiority  to  round  or  pivot  ends, 
owing  to  the  fact  that  their  behavior  under  load,  even  in  a  testing 
machine,  deisends  very  largely  on  the  closeness  of  the  tit  between  pin 
and  hole,  upon  the  smoothness  or  otherwise  of  the  bearing  surfaces, 
upon  the  diameter  of  the  pin  in  relation  to  the  radius  of  gyration,  and 
upon  the  presence,  either  accidental  or  premeditated,  of  a  lubricating 
medium. 

In  actual  practice,  the  vibration  in  a  railway  bridge,  caused  by  the 
passage  of  the  load,  and  the  movements  of  the  members  relatively  to 
each  other  under  the  common  variations  of  stress,  must  undoubtedly 
go  very  far  to  destroy  the  friction  upon  which  dei^ends  the  suj^eriority 
with  which  this  type  of  strut  is  often  credited  over  those  with  round 
ends. 

There  is  as  yet  no  satisfactory  and  conclusive  evidence  that  in  jjrac- 
tical  work  the  pin-ended  column  can  fairly  be  credited  with  this  greater 
strength,  and  the  practice  of  imiJosing  higher  stresses  on  account  of  the 
pin  ends  is  open  to  grave  question. 

This  matter  may  be  viewed  from  another  standiioint,  that  of  the 
advantages  claimed  for  the  pin  joint  as  compared  with  the  riveted  con- 
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nectiou.  Ainouj;  these  so-called  advautaj^es  are  freedom  from  secondary 
stresses  and  j^reater  certainty  of  realizing  the  ideal  condition  of  central- 
ity  of  loading  on  the  various  members. 

Any  additional  strength  accompanying  the  jiin-bearing  type  of 
cohimn  can  only  be  obtained  when  frictional  resistances  are  set  up  in 
the  bearing,  jjreventing  rotation,  and  thus  bringing  into  play  a  moment 
of  resistance  to  bending  on  the  column  end,  and  this  moment  of 
resistance  in  turn  can  only  be  develojjed  by  subjecting  the  other 
members  assembled  on  the  same  i)in  to  secondary  bending  stresses  in 
order  to  realize  a  partial  fixity  of  cohimn  ends. 

In  any  case,  the  additional  resistance  due  to  pai-tial  fixity  of  ends  in 
the  pin-ended  column,  if  it  actually  exists  in  practical  construction, 
must  be  obtained  at  the  exjjense  of  the  other  members  on  the  same  pin, 
and  is  largely  dejiendent  on  the  stiffness  of  those  members.  The  question 
may  fairly  be  raised  whether  or  not  it  would  be  consistent  practice  to 
make  an  allowance  for  the  secondary  stresses  in  these  other  members, 
if  we  rely  on  these  secondary  stresses  to  provide  the  column  with 
increased  resistance. 

COJIPAEISOX    OF    THE   FOKMUIiAS   WITH   THE   EXPERIMENTS. 

Deflection  Formula  (4)  for  Round-Ended  or  Pivot-Ended  Columns. 

^  —  ^Ei  —  %pr-' 

The  starting  point  for  the  whole  of  the  foregoing  theory  and  for- 
mulas was  the  development  of  this  exj^ression  for  the  deflection  of  a 
column,  and  it  has  already  been  pointed  out  that,  in  practical  work, 
some  of  the  controlling  influences  cannot  be  made  subject  to  actual 
observation,  depending  as  they  do  on  internal  conditions  arising  from 
past  history,  accidental  errors  in  setting,  etc.,  etc. 

Nevertheless,  it  is  important  to  have  some  definite  knowledge  as 
to  whether  the  deflection  formula  bears  characteristic  features  having 
practical  agreement  with  the  results  of  actual  observations  in  experi- 
ments. 

In  order  to  make  a  comijarison  it  was  necessaiy  to  make  numerous 
trial  calculations  with  different  estimates  of  the  values  of  those  factors 
which  are  primarily  unknown,  and  the  process  of  comparison  there- 
fore consisted  of  fitting  the  calculated  values  given  by  the  formula  to 
the  observed  deflections,  so  that  it  might  be   seen  whether  curves 
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plotted  with  loads  as  abscissas  and  deflections  as  ordinates  have  the 
same  character  by  calculation  and  observation. 

The  unknown  factors  for  which  the  values  have  had  to  be  estimated 
are  the  following: 

1.  The  modulus  of  elasticity E, 

2.  The  equivalent  eccentricity c, 

3.  Any  small  amount  of  initial  curvature  capable  of  observation,      V, 
but  not  always  noted  in  records  of  test  and  making  the  total  de- 
viation of  the  column  from  a  straight  line  =  jD  =  J  ±  V. 

It  was  found  that  the  influence  of  each  of  these  three  factors  is  so 
great  that  very  small  deviations  from  the  estimated  values  finally 
adopted  destroy  the  agreement  between  calculation  and  observation, 
and  as,  in  these  estimated  values,  we  are  already  dealing  with  very 
small  quantities,  it  is  to  be  noted  that  the  small  deviations  referred  to 
would  be  incapable  of  being  observed  in  any  ordinary  experiment. 

The  examijles  selected  for  purposes  of  comparison 
have  been  taken  from  the  tests  of  round-ended  columns 
of  Low  Moor  No.  3  cast  iron,  made  by  Mr.  Eaton 
Hodgkinson,*  and  from  the  tests  of  round-ended 
wrought-iron  columns,  made  by  Mr.  James  Christie,  f  t 

These  examjiles  have  been  chosen  solely  on  account  of 
the  fullness  of  the  records  of  deflections.     In  each  case  the 
effective  column  length  has  been  taken  as  being  the  dis- 
tance between  the  centers  of  the  hemispherical  ends,  as      ^^^ 
shown  in  Fig.  13.  F'«-  i^- 

Examples  from  Hodgkinson's  Tests  of  Low  Moor,  No.  3  Cast  Iron. 

Test  No.  5,  of  Table  1.% — Solid,  cylindrical,  hemispherical-ended 
column,  60.50  ins.  length  over  all,  0.99  in.  diameter,  say  59.50  ins. 
effective  length. 

/=  moment  of  inertia  of  section  =  0.0472  in.* 

(E=14: 500  000  lbs.,  modulus  of  elasticity; 
■p,  ,.       ,'  -,      ■,       .  J    £  =  0.055  in.,  equivalent  eccentricity  of  loading; 
I  F=  4-  0-07  in.,  probalde  initial  curvature  escap- 
[  ing  observation. 

*  Recorded  in  the  Philosophical  Transactions  of  the  Royal  Society  of  London,  for 
1840. 

+  Transactions,  Am.  Soc.  C.  E.,  Vol.  xiii. 

i  Philosophical  Transactions,  Royal  Society,  London,  1840. 
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P  -  load,  I A         -|-      I')    =  D  caleulatt'd.  D  observed, 

in  pounils.        Inches.        Inches.         Inches.  Inches. 

515. . .  .  0.0258  -I-  0.07  =  0.0953 0.05 

655.  ..  .  0.0300  -}-  0.07  =  0. 1060 0. 10 

991....  0.0756  +  0.07  =  0.1456 O.U 

1  183. . .  .  0.1160  +  0.07  =  0.1860 0.19 

1  471.,..  0.2525  +  0.07  =  0.3225 0.32 

1  615 0.4425  +  0.07  =  0.5125 0.52 

Ult.  load.  1  663 ... .  0.5690  +0.07  =  0.6390 a  failed. 

Test  No.   20,  of  Table  I. — Solid,    cylindrical,   liemispherical-ended 

column,  60.50  ins.    length   over  all,   1.97  ins.   diameter,  say  58.50  ins. 

eflfective  length. 

/=0.74in.^ 

Estimated  values:  ^  =  13  600  000  lbs.,  s  =  0.0675  in.,  V=  0. 

P  =  load,  (A       +      ^)      =  D  calculated.  Z>  observed. 

in  pounds.        Inches.      Inches.  Inches.  Inches. 

3  355....  0.0109+  0  =0.0109 bent. 

7  386.... 0.0287  +  0  =.0.0287 0.02 

12  970.... 0. 0686  +  0  =0.0686 0.07 

19  943.... 0.1943  +  0  =0.1943 0.20 

.     21  035....  0.2360+  0  =0.2360 0.23 

22  127.... 0.2936+  0  =0.2936 0.28 

23  219.... 0.3740+  0  =0.3740 0.37 

24  311....  0.5000  +  0  =0.5000 0.50  to  0.52 

24  857....  0.5940+  0  =0.-5940 0.60 

Ult.  load.  25  403. . .  .0.7230  +    0     =  0.7230 oc   faUed. 

(26  000)....  0. 9350  +    0     =0.9350 


Tesl  No.  1,  of  Table  VIII. — Hollow,  cylindrical,  hemispherical- 
ended  column  (Fig.  14),  90.75  ins.,  length  over  all,  1.78  ins.  external 
diameter,  1.21  ins.  internal  diameter,  say  89  ins.  effective  length. 

Core    center   0.19   in.    out   of   center 
of  external  circle  of  column  (ascertained  ,  z'      X 

alter    iracture).       Center   of   area   0.163        ^:^-\  ;-  ■    •.  )^ce«teb or Exr£s«»L cikle 
in.    out  of   center  of    external  circle  of  ^Usszn^ 

column.  Fig.  14. 

7=0.31  in.* 

Estimated  values:  £"=17  5Q0  000  lbs.,  £  =  0.1  in.,  V=  —  0.02  in. 
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P  =  load,  (A       —    V)      =  D  calculated.       D  observed, 

in  pounds.         Inches.       Inches.         Inches.  Inches. 

2  237....  0.06186  —  0.02  =  0.04186 0.03 

2  813....  0.0897    —0.02  =  0.0697 0.07 

3  317....  0.12208  —  0.02  =  0.10208 0.11 

3  821....  0.1664    —0.02  =  0.1464 0.16 

4.325....  0.23049  —  0.02  =  0.21049 0.20 

4  829....  0.33153-0.02  =  0.31153 0.32 

5  333. . . .  0.51441  —  0.02  =  0.49441 0.49 

Maximum.  5  585. . . .   0.67549  —  0.02  =  0.65549. . . .  {"^^^      observed; 

•<  column   not   al- 
(6  000)....   1.2471    -0.02  =  1.2271 j  lowed  to  break. 

Test  No.  5,  of  Table  VIII. — Hollow,  cylindrical,  hemispherical- 
ended  column  (Fig.  15),  90.75  ins.  length  overall,  2.23 ins.  external 
diameter,  1.53  ins.  internal  diameter,  therefore,  say  88.52  ins.  effective 
length. 

Core    center  was  0.135    in.     out    of 
center    of     external     circle    of     column     r°"    -  ::^--.^\  ■.""  r.r»„,,..  .„^ 

-.  '-  '- CENTER  OF  txTERNAL  CIRCLE 

(ascertained   after    fi-acture).     Therefore     C/l  ^^-centerofcore 

center  of  area  was  0.12  in.  out  of  center 
of  external  circle. 

7=0.8863  in.* 

Estimated  values :  ^  =  14  500  000  lbs. ,  £  =  0 .  175  in. ,  F=  —  0 .  025  in. 

P  :=  load,  (A       —       V)        =  D  calculated.      D  observed, 

in  pounds.         Inches.         Inches.  Inches.  Inches. 

2  237....  0.0347  — 0.025=   0.0097 0.01 

4  325....  0.0796  — 0.025=  0.0546 0.06 

6  341. . . .  0.1415  —  0.025  =   0.1165 0.12 

8  357. . . .  0.2375  —  0.025  =   0.2125 0.22 

9  365. . . .  0.3085  —  0.025  =   0.2835 0.28 

10  373....  0.4040  — 0.025=   0.3790 0.37 

11381 0.5475  —  0.025=   0.5225 0.55 

12  137. . . .  0.7080  —  0.025  =   0.6830 0.69 

Maximum.  12  389. . . .  0.7525  —  0.025  =   0.7275. . . .  (  not    observed  ; 

-;  column  not  al- 
(13  000)..  ..(0.9950)-  0.025=  (0.9700). . .     lowed  to  break. 


Test  No.  15,  of  Table  VIII. — Hollow,  cylindrical,  hemispherical- 
ended  column  (Fig.  16),  90.75  ins.  length  over  all,  3.36  ins.  external 
diameter,  2.61  ins.  internal  diameter,  say  87. 39 ins.  effective  length  =  Z. 
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3G3 


Core  center,  after  fracture,  found  to 
ho  0.067  in.  out  of  center  of  external 
circle  of  column.  Therefore,  center  of 
area  was  0.105  in.  out  of  center  of  ex- 
ternal cinle. 

/=  3.915  ins. ^ 

Estimated  values:  E  =  12  000  000  lbs.,  e 


^OCHTCR  OF  ARCA 
CENTER  or  CKTiRNAL  CtROLl 

-  ctNTiR  Of  cone 


Fig.  16. 


0.16  in.,  F=  4-0.035  in. 


P  =  load, 
in  pounds. 

3  355.. 


(A 

Inches. 


+        V)     =  D  calculated. 
Inches.        Inches. 


D  observed. 
Inches. 


.0.0116  +  0,035  =  0.0466 bent. 

.0.0727  +  0.035  =  0.1077 0.09 

.0.0895  4-  0.035  =  0.1245 0.13 

.0.1128-1-0.035  =  0.1478 0.15 

.0.1341  +0.035  =  0.1691 0.17 

.0.1872  +0.035  =  0.2222 0.24 

.0.2625  +  0.035  =  0.2975 0.30 

.0.3445  +  0.035  =  0.3795 0.38 

.0.4680  +  0.035  =  0.5030 0.48 

.0.5550  +  0.035  =  0.5900 0.59 

.0.6650  +  0.035  =  0.7000 0.67 

.0.8175  +  0.035  =  0.8525 0.87 

.0.9140  +  0.035  =  0.9490  . ., 0.90 

.1.0320  +  0.035  =  1.0670 1.07 

.1.1750  +  0.035  =  1.2100 <x 

Test  iVb.  7,  of  Table  III. — Solid,  rectangular  pillar  with  hemi- 
spherical ends,  60.5  ins.  length  over  all,  1.54  x  1.56  ins.  nearly  square, 
.say  59  ins.,  effective  length  =  I. 

/=  0.475  in.  * 

Estimated  values:  £"=  13  250  000  lbs.,  f  =  0.06 in.,  P^=— 0.015  in. 


16  115. 
18  667. 
21729. 
24  148 . 
28  986. 
33  824. 
37  701 . 
41  632. 
43  597. 
45  563. 

47  528. 

48  511. 

49  494. 
Ult.  load.  50  477. 


P  =  load, 

(A 

-           V) 

=  Z)  calculated. 

D  observed. 

in  pounds. 

Inches. 

Inches. 

Inches. 

Inches. 

2  141  . . 

..0.010 

—  0.015 

=  _  0.005  ... 

.  .   column  bent. 

4  465 0.025  —  0.015  =  +  0.010 0.015 

6  481 0.043  —  0.015  =  +  0.028 0.02 

11169....  0.130  — 0.015  = +  0.115 0.11 

13  565 0.257  —  0.015=   0.242 0.23 

14  461 0.360  —  0.015=   0.345 0  35 

14  909 0.438  —  0.015  =   0.423 0.44 

15  357 0.552  —  0.015  =   0.537 0.52 

Ult.  load.  15  581  .. .  .0.632  —  0.015=   0.617 a 
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Examples  from  Christie's  Tests  of  Wrought-Iron  Struts  with  Hemi- 
si^herical  Ends.* 

Test  iV^o.  204.— J-har;  1  in.  x  1  in.  x99.25  ins.  length  over  all,  1-in. 
balls  and  plates,  98. 25  ins.  effective  length  =  /. 

/(least)  =  a  ?•-=  0.3  sq.  in.  x  (0.26)^  =0.02028  in." 

Estimated    values:    £"  =  30  000  000    lbs.,   e    =  0.05    in.,  F  =  + 
0.025  in. 

P  —  load,  (A        -\-       V^)       -  D  calculated.  D  observed, 

in  pounds.     Inches.        Inches.  Inches.  Inches. 

100. . .  .0.0118  +  0.025  =  0.0368 0.05 

200. . .  .0.0296  +  0.025  =  0.0546 0.05 

300.... 0.0590  +  0.025  =  0.0840 0.08 

400.... 0.1169  +  0.025  =  0.1419 0.15 

500.... 0. 2843  +  0.025  =  0.3093 0.30 

Ult.  load.  550 0.5964  +  0.025  =  0.6214 ac 

Test  No.  2^.5.— T-bar;  3    ins.  x  3  ins.  x  82.0625  ins.  length  over 
all,  2-in.  balls  and  plates,  80.0625  ins.,  effective  length. 

I  =  a  r  =  2.53  sq.  ins.  x  (0.62)^  =  0.9725  in.* 

Estimated  values:  £  =  25  000  000  lbs.,  e  =  0.02  in.,  V=  0.035  in. 

P=load,  (A        -j-      V)        =   Z)  calculated.  2)  observed, 

in  pounds.       Inches.       Inches.  Inches.  Inches. 

500. . .  .0.0003  -I-  0.035   =  0.0353 0.03 

5  000. . .  .0.0038  +  0,035   =  0.0388 0.04 

10  000. . .  .0.0091  +  0.035  =  0.0441 0.05 

15  OOO. . .  .0.0168  -f  0.035   =  0.0518 0.05 

20  000.... 0.0293  +  0.035   =0.0643 0.06 

25  000. . .  .0.0526  -f  0.035  =  0.0876 0.09 

30  000....  0. 1122  +  0.035  =0.1472 0.15 

34  000. . .  .0.3380  +  0.035  =  0.3730 (not    recorded; 

Ult.  load.  34  110. . .  .0.3560  +  0.035   =  0.3910 (  column  failed, 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xiii. 
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Test  No.  20G.—J-ha.Y;  '2A  ius.   x  2J  ius.  x  82.375  ins.  long  over  all, 
2-iu.  liivlls  and  plates,  80.375  ius.  eflective  leugth. 

I=ar-  =  1.73  sq.  ias.  x  (0.55)'  =  0.523325  iu.^ 

Estimated  values:  E^  32  000  000  lbs.,  e  =  0.035  in.,  V=  +  0.05 in. 

P  =  load,  (A         +       T')       =  Z)  calculated.    D  observed, 

in  pounds.  Inches.  Inches.  Inches.  Inches. 

500...  0  00086+  0.05  =  0.0508 0.03 

3  000  ...0.0058  +  0.05  =  0.0558 0.05 

G  000.... 0.0133  -(-  0.05  =  0.0633 0.06 

9  000.... 0.0238  +  0.05  =  0.0738 0.07 

12  000.... 0.0392  +  0.05  =  0.0892.......  0.10 

15  000.... 0.0636  +  0.05  =  0.1136 0.12 

18  000.... 0.1097  +  0.05  =  0.1.597 0.16 

20  OOO.... 0.1718  +  0.05  =  0.2218 0.22 

21  000.... 0.2270  +  0.05  =  0.277 0.30 

Ult.  21  500. . .  .0.2660  +  0.05  =  0.3160 a   failed. 

(22  000)... (0.3200    +  0.05)  =  (0.3700) 

(23  000).  ..(0.5120    +  0.05)  =  (0.5620) 

Test  No.  205.— J-bar;  1^  ins.  x  IJ  ins.   x  81.1875  ins.  long  over  all, 
on  1-in.  balls  and  plates,  therefore,  effective  length  =  80.1875  ins. 

/=  rt  ,•"■  =  0.53  sq.  in.  X  (0.32)-  =  0.054272  in.*. 

Estimated  values:  £"=30  000  000  lbs.,  £  =  0.05  in.,  F=  0.03  in. 

P  =  load,  (A  -1-       V)       —  D  calculated.     D  observed, 

in  pounds.  Inches.  Inches.  Inches.  Inches. 

200.... 0.00538  -f  0.03  =   0.0354 0.02 

eOO.... 0.01965  +  0.03  =   0.0497 0.05 

800.... 0.29380  +   0.03  =   0.0594 0.06 

1000.... 0.04188  -f  0.03  =   0.0719 0.07 

1  200.... 0.05840  -f  0.03  =   0.0884 0.09 

1400.    ..0.08135  4-  0.03  =   0.1114 0.12 

1  600.... 0.11525  4-   0.03  =   0.14.53 0.15 

1  800.... 0.17100  -f-  0.03  =   0.2010 0.20 

2  000.... 0.27750  -f  0.03  =  0.3075 0.30 

Ult.  2  200.... 0.5696  +  0.03  =  0.5996 »  faUed. 

(2  250)...  (0.74000   +  0.03)  =  (0.7700) 

(2  300).  ..(1.04200   +  0.03)  =  (1.0720) 
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Test  No.  211. — T-bar;  2  ins.  X  2  ins.  x  63.1875  ins.  long  over  all,  on 

1-in.  balls  and  plates,  therefore,  effective  length  =  62.1875  ins. 

I=ar^=  (0.95  sq.  in.)  X  (0.43)"  =  0.175655  in.* 

Estimated  values:  ^  =  27  000  000  lbs.,  f  =  0.10  in.,  F=  0.02  in. 

P=load,  (A         +      V)       =  D  calculated.  Z)  observed. 

in  pounds.      Inches.         Inches.  Inches.  Inches. 

500. . .  .0.00533  +  0.02  =  0.0253 0.03 

2  000.... 0.02455  +0.02  =  0.0446 0.05 

3  000...  0.04110  +  0.02  =  0.0611 0.06 

4  000...  .0.06175  +  0.02  =  0.0818 0.08 

5  000....  0.08860  +  0.02  =  0.1086 0.10 

6  000....0.i2460 +  0.02  =  0.1446 0.15 

7  000....0.17600 +  0.02  =  0.1960 0.20 

8  000. . .  .0.25450  +  0.02  =  0.2745 0.27 

9  000.... 0.38900  +  0.02  =  0.4090 0.40 

9  500  . .  .0.50100  +  0.02  =  0.5210 not  recorded. 

Ult.  load.  9  510. . .  .0.50400  +  0.02  =  0..5240 x  failed. 

9  5.50. . .  ,0.51600  +  0.02  =  0.5360 

Test  No.  217. — T'lt'ar;  1  in.  X  lin.  X  45^  ins.,  long  over  all,  on  1-in. 
balls  and  plates,  therefore,  effective  length  =  44.25  ins. 

/=  a  ?•-  =  0.3  sq.  in.  x  (0.26)-  =  0.02028  in." 

Estimated  values:  £"=18  500  000  lbs.,  e  =  0.037  in.,  F=  0.008  in. 

P=load,  (A        +      F)      =  X)  calculated.  Z>  observed, 

in  pounds.      Inches.         Inches.  Inches.  Inches. 

100. . .  .0.0025  +  0.008  =  0.0106 0.01 

400...  0.0123  +  0.008  =  0.0203 0.02 

600.... 0.0215  +  0.008  =  0.0295 0.03 

800.... 0.0342  +  0  008  =  0.0422 0.04 

1  000. . .  .0.0533  +  0.008  =  0.0613 0.06 

1200.... 0.0832 +  0.008  =  0  0912 0.10 

1400....0.1415 +  0.008  =  0.1495 0  15 

1  600. .  ..0.2968  +  0.008  =  0.3048 0.29 

1  700.... 0.5410 +  0.008  =  0.5490 0.55 

Ult.  load.  1  750. . .  .0.8675  +  0.008  =  0.8755 a   failed. 

1  800.... 2. 0250 +  0.008  =  2. 0330 

With  regard  to  the  value  of  the  modulus  of  elasticity  E,  as  esti- 
mated for  the  foregoing  comjDarative  examples,  it  may  be  mentioned 
that  Mr.  Hodgkinson  found  from  transverse  bending  tests  of  the  Low 
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Moor  No.  3  cast  iron,  that  A' niuj^'od  from  V.l  585  530  to  14  251  950  lbs., 
ftud  Mr.  James  Christie*  found  from  beiuliujj;  tests  of  the  wrought  irou 
iipou  which  he  experimented,  that  E  ranged  from  19  104  000  to 
33  G31  OtK)  lbs. 

The  value  of  E,  as  found  by  bending  tests,  is  necessarily  that  to 
which  we  must  refer  in  dealing  with  column  strength  and  stiffness,  as 
the  modulus  of  elasticity  only  enters  into  the  column  formula  on 
account  of  the  bending  moments  exerted  on  the  column,  and  not  at  all 
in  connection  with  direct  compressive  stresses. 

It  may  be  noted  here  that  the  value  of  E  obtained  from  the  trans- 
verse bending  tests  on  ordinary  cold-straigbtened  wrought-iron  or 
steel  bars  will  dej^end  upon  the  position  of  the  points  at  which  the 
straightening  press  has  been  applied.  If  the  straightening  is  done 
near  the  center  of  the  span,  the  value  of  E  may  reasonably  be 
expected  to  come  out  very  low,  while  the  influence  of  any  straighten- 
ing done  near  the  ends  of  the  bars  will  have  comparatively  little 
influence  on  the  results  obtained. 

In  dii-ect  tensile  tests  the  position  of  the  points  of  straightening 
will  have  no  influence  on  the  results,  which  will  only  be  affected  by 
the  amount  of  straightening  to  which  the  bar  has  been  subjected. 
This  will  explain  the  much  greater  uniformity  in  the  results  obtained 
by  direct  tension,  as  compared  with  those  obtained  by  transverse 
bending  tests,  and  also  with  those  obtained  from  compression  tests 
where  the  slightest  latitude  is  given  for  the  specimen  to  act  as  a 
column,  and  where  the  material  has  had  to  be  cold-straightened,  f 

General  Formxtlas  for   the   Relatiox    of   CoiiUMN  Proportions    to 

CoijUMN  Strength. 
Round  or  jiivoted  ends — 

Formula  (7)  ij  =  -  =     j  ^8^  r F,.       ^       c«-| 

for  failure  by  compressive  stress. 


r  ~ 


48  E  rF,  _  ££-| 

for  failure  by  tensile  stress. 


*  "  The  Strength  and  Elasticity  of  Structural  Steel,"  Transactions,  Am.  Soc.  C.  E., 
Vol.  xiii. 

+  See  results  of  Mr.  Christie's  tests  in  "The  Strength  and  Elasticity  of  Structural 
Steel,"  Transactions,  Am.  Soc.  C.  E.,  Vol.  xiii. 


■368  MONCRIEFF   ON   THE    PKACTICAL   COLUMN. 

JFixed  euds. . .  .i?  =  twice  tlie  values  given  by  Formulas  (7)  and  (8). 
Flat  ends R  =  same   as    fixed    ends,   keeping    in  view  that  in 

Formula  (8)  Fi  is  to  be  made  zero,  resulting  in 

Formula  (9). 
Hinged  or  i  (in  upper  limits,  same  as  for  fixed  ends. 

Pin   ends.  \  I  in  lower  limits,  same  as  for  round  ends. 

Attention  must  here  be  drawn  to  the  fact  that  Formulas  (7)  and  (8) 
are  not  actually  two  different  formulas,  but  are  only  simple  algebraic 
transformations  of  one  and  the  same  general  formula  (6),  referred  to 
the  two  conditions  of  failure  by  compressive  stress  and  by  tensile 
stress,  the  only  other  modifications  necessary  for  their  application  to 
any  of  the  types  of  column  previously  given  being  due  to  the  con- 
ditions of  end  fixing  as  determining  the  relative  length  of  columns 
of  the  same  strength,  but  with  different  end  conditions. 

It  will  be  noticed  that  there  are  three  factors  in  the  formulas  to 
"which  it  is  necessary  to  assign  values,  and  these  arc: 

(1)  The  value  oi  E  =^  modulus  of  elasticity ; 

(2)  The  value  of  F^  or  F,  =  the  maximum  fiber  stress; 

(3)  The  value  of  ^. 

Careful  study  of  the  great  variations  shown  in  actual  tests,  and  of 
the  comparisons  made  between  actual  and  calculated  deflections, 
apparently  indicate  very  great  difficulty  in  assigning  any  fixed  values 
for  these  quantities  for  general  application,  but  it  must  be  remembered, 
that  it  is  not  practically  possible  to  predict  the  precise  strength  of  any 
given  column,  and  that  being  so,  it  only  remains  to  endeavor  to  deter- 
mine the  limits  between  which  we  may  expect  the  column  strength  to 
lie.  With  this  in  view,  using  ajji^roximately  normal  values  of  E  as 
obtained  by  tests  in  direct  tension  or  compression,  assigning  values  to 
F^  approximately  as  shown  by  the  higher  tests  of  short  columns,  and 
to  F^  as  given  by  direct  tests  of  tensile  strength,  the  writer  has  found 
that  the  lower  limit  of  column  strength  is  given  faii'ly  by  the  formulas 

when— :^  =0.6;  and  it  also  apjiears  that  the  upper  limit  given  by  the 

c  f 
formulas,  when  — r  =  0.15  is  rarelv  exceeded. 

These  values  are  applicable  alike  to  cast  iron,  wrought  iron,  mild 
steel,  hard  steel,  and  several  kinds  of  timber,  as  will  be  seen  on  refer- 
ence to  the  various  diagrams  of  column  tests  ajipended. 
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It  is  iuterestiug  to  uoto  that  in  the  case  of  solid,  roiiud  columns, 

c  f 
tho  Mihic  -.,  ^    ().r>  for  lower-limit  strength  corresiJonds  to  an  equiv- 
alent eccentricity  of  (0.3  x  radius  of  gyration),  and  ajii^lyiug  this  to  a 
bar  of  1  in.  diameter,  where  c  =  0.5  in.,  and  r  =  0.25  in.,  the  value  of  e 
would  only  be  (0.3  X  0.25  in.)  =0.075  in. 

Of  this  amount  the  jjossible  errors  in  setting  the  test  specimen  may 
be  only  a  small  part,  and  if  we  assume  that  initial  external  curvature 
of  bar,  irregularities  in  the  line  of  physical  axis,  and  the  effects  of  cold- 
straightening  account  for  say  60%  of  tlie  total  value  of  f,  the  remain- 
ing 40/0)  or  0.03  in.,  would  be  the  extreme  permissible  amount  of  error 
in  setting  the  specimen,  and  it  becomes  apparent  how  important  such 
small  errors  are  in  experiments  on  columns,  and  how  very  carefully  the 
testing  must  be  carried  out  in  order  to  develop  even  the  lower-limit 
strength  shown  by  the  accompanying  diagrams. 

This  also  impresses  the  mind  with  the  danger  of  generalizing  from 
the  results  of  any  single  series  of  tests  where  the  number  of  tests  is  not 
very  large. 

Strictly  speaking,  the  theory  and  resulting  formulas  of  this  paj^er 
apply  only  when  the  loads  are  such  as  will  not  stress  the  material  of  the 
column  beyond  the  elastic  hmit,  a  condition  which  ajjpHes  equally  to 
the  common  theory  of  flexure  of  sohd  beams  under  simple  bending. 
This,  however,  forms  no  bar  to  the  extension  of  the  application  of  the 
formula  for  elastic  beam  strength  to  cases  of  ultimate  strength  where 
the  elastic  limit  is  exceeded,  provided  proper  recognition  is  given  to  the 
fact  that  the  ultimate  maximum  fiber  stresses  apparently  developed  are 
not  true  values  of  tensile  or  compressive  strength,  but  are  always  much 
higher  than  obtained  from  tests  under  direct  stress.  The  reasons  for 
this  are  now  well  known  and  need  not  be  dealt  with  here. 

There  is,  therefore,  considerable  justification  for  the  ajjphcation  of 
the  column  formulas  to  a  comj^arison  with  experiments  on  ultimate 
strength,  which,  in  fact,  form  the  only  available  basis  of  reference  to 
which  the  engineer  can  api^eal. 

Differences  of  opinion  exist  among  engineers  as  to  whether  columns 
should  be  designed  with  regard  to  the  ultimate  strength  or  with  regard 
to  the  maximum  fiber  stress  developed  by  the  working  load.  The 
former  is  by  far  the  more  common  practice,  owing  to  the  existing  state 
of  knowledge  as  to  the  jjrinciples  of  column  strength,  and  this  renders 
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it  necessaxy  for  any  tlieory  and  formulas,  proposed  for  use  in  practice, 
to  be  compared  with  available  experimental  evidence. 

In  the  writer's  view,  the  more  rational  method  is  to  design  columns 
so  as  to  ensure  that  given  maximum  fiber  stresses  will  not  be  exceeded 
under  the  working  load,  while  at  the  same  time  taking  care  to  refer  to 
exjierimental  results,  in  order  to  see  that  a  sufficient  margin  is  provided 
against  failure  by  instabiHty  in  the  longer  lengths. 

It  would  be  reasonable  to  expect  that  the  values  of  F,.  and  i*^„  being 
maximum  fiber  stresses,  would,  Avhen  referred  to  tests  carried  to  ultimate 
failure,  i^artake  somewhat  of  the  nature  and  value  generally  accorded  to 
the  corresponding  maximum  apparent  fiber  stresses  determined  from 
tests  of  ultimate  transverse  strength  of  simi^le  solid  beams.  It  is 
necessary,  however,  to  keep  in  view  that  it  is  hardly  possible  that  they 
can  have  such  high  apparent  values  as  in  beam  tests,  owing  to  the 
rapidly  accumulating  bending  moment  developed  in  columns  by  the  in- 
creasing deflection,  which  must  evidently  be  intensified  by  any  extra 
yielding  of  the  extreme  fibers  due  to  their  elastic  limit  being  exceeded, 
and  thus  accelerating  the  deflection. 

In  the  case  of  beams,  of  course,  the  increase  in  deflection  accomj)any- 
ing  an  increasing  load  has  no  influence  whatever  on  the  bending  moment. 

The  writer  has  not  found  it  necessary  for  "centrally"  loaded 
columns  of  wrought  iron,  mild  or  hard  steel,  and  timber,  to  deal  with 
the  condition  of  failure  by  tensile  stress,  excepting  as  regards  incipient 
tension  in  flat-ended  columns. 

The  maximum  compressive  stress  in  a  column  of  symmetrical  section 
always  has  a  greater  value  in  pounds  -per  square  inch  than  the  maxi- 
mum tensile  stress,  and  the  diff'erence  between  the  comj^ressive  and 
tensile  strengths  must  be  considerable  before  tension  becomes  the  con- 
trolling influence.  This  is  the  case  with  high-class  cast  iron,  such  as 
was  used  by  Hodgkinson  in  his  tests  of  Low  Moor,  No.  3  iron,  and  the 
curves  for  failure  by  tension  are  therefore  i)lotted  on  the  diagrams 
showing  these  tests. 

In  order  to  discover,  if  possible,  any  special  features  accompanying 
any  particular  set  of  tests,  the  writer  has  assigned  a  separate  diagram 
to  the  princijial  sets  of  experiments  where  the  number  and  range  of 
tests  were  sufficiently  great  to  justify  it,  and  where  this  was  not  the 
case,  the  individual  tests  have  been  given  distinguishing  symbols  to 
assist  in  arriving  at  a  correct  judgment. 
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300   280   260   240   220   200   180   160   140   120 


Fig.  17. 
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As  has  already  been  remarked,  the  writer  has  been  unable  to  obtain 
practical  verification  of  the  precise  influence  of  form  of  section  from 
existing  records  of  experiments.  To  demonstrate  this  influence  by 
practical  evidence  it  would  be  necessary  to  make  a  large  number  of  new 

c 
experiments  on  sections  having  widely  different  values  of  — — ,  and  at 

the  same  time  to  impose  the  loads  with  a  comparatively  large  and  pre- 
determined value  of  eccentricity,  in  order  to  overshadow  the  relative 
influence  of  what  has  been  dealt  with  in  the  foregoing  pages  as 
*'  equivalent  eccentricity."- 

All  the  diagrams  of  column  tests  accompanying  this  paper  have  been, 
made  self-explanatory  as  far  as  possible. 

They  are  as  follows: 

Cast  Iron. 

Fig.  17. — Representing  79  tests  of  round-ended  columns  of  Low 
Moor,  No.  3  cast  iron,  by  Mr.  Hodgkinson. 

The  tests  are  plotted  to  effective  lengths,  an  allowance  having  been 
made  for  the  rounding  of  the  ends  by  taking  them  as  hemispherical  of 
the  same  diameter  as  the  bars.  The  ends  were  not  actually  hemi- 
spherical in  every  case,  some  being  somewhat  more  pointed,  but  no 
error  of  importance  is  involved  in  the  assumption  made. 

Fig.  18.  Representing96testsof  flat-ended  and  disc-ended  columns 
of  Low  Moor,  No.  3  cast  iron,  by  Mr.  Hodgkinson. 

It  will  be  noticed  in  this  set  of  tests  on  flat-ended  columns,  that  the 
longer  columns,  from  a  ratio  of  80  upward,  do  not  show  so  low  a 
strength  as  is  indicated  by  the  lowermost  dotted  curve  for  incipient 
tension,  but  failure  at  this  critical  point  in  flat-ended  columns  is 
evidenced  so  strongly  in  the  case  of  tests  of  wrought  iron  and  steel 
that  the  higher  results  obtained  by  Hodgkinson  in  these  tests  on  cast 
iron  must  be  attributed  partly  to  his  extreme  care,  and  partly  to  the 
comparative  fewness  of  tests  of  each  length. 

These  two  sets  of  tests  have  been  abstracted  from  Mr.  Hodgkinson 's 
remarkably  careful  records.*  They  are  the  only  published  records  of 
tests  of  cast-iron  columns  made  in  a  consistent  and  scientific  manner 
on  one  grade  of  material  of  known  character.     The  values  of  load  per 

square  inch,  radius  of  gyration  and  ratio  — ,  have  been  calculated  by" 
the  writer  from  Mr.  Hodgkinson's  figures. 

*  Philosojjhical  Transactions.  Royal  Society  of  London,  1840. 
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Hodgkinton  t  TetU  of  Flat-ended  and  Oi'sc-ended  

Cast-iron  Pillin,  all  Low  Moor,  No.  3  Iron. 

EVERY  TEST  18  SHOWS  OH  TMf    DIAGRAM. 

EXCEPTIKO    8  DISC    ESDEO.    WHICH  WERE  OF  VARriNG  OiAUETER, 

6  WHICH   HAD  ONE  FLAT  EhD  AND  OHE  ROOSO  EKO, 

7  WHICH  WERE  REDUCED  AT  SPECIAL  PO«HTS  IN  TH^H^ 

LENGTH  BY  TURNING  DOWN, 
Z  WHKH  WERE  LONGER  THAN  320  TIMES  THEIO 
RAMUS  OF  GYRATION. 

NUMBER  OF   TESTS  ON  DIAGRAM. 

FLAT-ENDED,    65  SO^ID  CYLINDRICAL 
FROM  0.5'   DIAM. 
TO  1.79'   OCAM.. 
"  "  4  SOLID    RECTANGULAR 

1*  BY  0.25* 
"  '•  17  HOLLOW  CVUNDRICAL 

FROM  1.08*  EXTERKAL    OIAM. 
TO  2.  0*'  " 

DISC-ENDED,      10  6OU0  CVUNDRICAL 
FROM  0.51'  OIAM. 

TO  1.53'  DIAM. 

96  TOTAL 
THE  MOO.    ELASTICITY,^,   AS  OBTAINED  FROM  TRANSVERSE 
BENDING  TESTS   WAS    13.58S,S30  LBS. 
TO    14,251,950  LBS. 
THE  TENSILE  STRENGTH  OF  TWO  CRUCIFORM   SPECIMENS  WAS 
13,S40  LBS.    PER    SQUARE  INCH 
15.220  LBS.    PER   SQUARE  INCH 
THE    CURVES  OF  UPPER  AND   LOWES   UWTS  OF  STRENGTH 

ARE  CALCULATED  OS  THE  BASIS  OF 
B  =  14,000,000   LBS.    PER  SQUARE  INCH. 
•*«  =  ULTIMATE  CRUSHING  STRENGTH 

=  115.000  LBS.    PER  SQUARE  INCH 
ij  =  ULTIMATE  TENSILE  STRENGTH 

=15,000  LBS.    PER  SQUARE  INCH 
i^ALUE  OF    ff   FOR  LOWER  LIMIT    IS  TAKEN  AS  =0.6," 
CORRESPONDING  TO  ECCENTRICITY  OF  LOADING  OF 

0.3  TIMES  THE   RAD.  OF  GYH.   IN  SQUD'CYLINORICAI (' 

COLUMNS 
VALUE   OF^  FOR   UPPER   UMIT  iS  TAKEN  AS  =0.15 
^J=AVERAGE   COMPRESSIVE    LOAD 
PER  SQUARE  INCH. 
FORMULAS  FOR  LOWER  LlMfT  COLUMNS. 


11S.000 

-ft 


119,000 

106,000 
100,000 
05,000 
90,000 
flS,000 
80,000 
75,000 
70,000 

i 
o 

65,000  - 

a 
< 

o 

60,000  " 

a 

a. 

55,000  S 

o 

c 

50,000  £ 

'^ 

45,000 


RATIO 

Fig.  18. 
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Fig.  19. — Representing  76  tests  of  cylindrical,  flat-ended  columns 
of  cast  iron  of  various  kinds,  by  Mr.  Hodgkinson.* 

One  test  by  Mr.  Charnock,  at  Bradford  Technical  College,  England, 
on  a  hollow  cast  iron  column,  with  flat  flanged  ends.f 

One  test  by  Professor  John  Goodman,  at  Yorkshire  College,  Leeds, 
England,  on  a  hollow  column  with  flanged  ends.  J 

Fourteen  tests  on  cylindrical,  hollow  columns,  with  flat  ends,  made 
by  the  New  York  City  Department  of  Buildings.^ 

Fourteen  tests  on  hollow  columns  with  flat  and  flanged  ends,  at 
Watertown  Arsenal.  || 

Total  number  of  tests  on  diagram,  106. 

The  sectional  areas,  loads  per  square  inch,  radii   of  gyration   and 

values   of  — ,  have  all  been  calculated  bv  the  writer  from  the  figures 
r 

given  in  the  records,  except  for  the  New  Y''ork  tests,  for  which  the  radii 
of  gyration   and   ratio  — ,  only,  were  calculated. 

Most  of  the  WatertoA\Ti  tests  were  on  tapered  columns,  and  all  the 
areas,  loads  per  square  inch  and  radii  of  gyration  calculated  for  these 
refer  to  the  section  at  the  middle  of  the  column  length,  which  will 
explain  the  divergence  from  the  figures  for  ultimate  strength  per 
square  inch  given  by  Professor  Lanza. 

The  results  plotted  on  Fig.  19  refer  to  tests  of  columns  of  various 
kinds  of  cast  iron.  Hodgkinson's  tests  alone  cover  17  different  irons, 
of  widely  different  comjiressive  strength,  in  short  specimens.  NO' 
information  is  given  as  to  the  physical  characteristics  of  the  irons  used- 
in  the  other  tests  plotted  on  the  diagram. 

A  number  of  the  columns  of  this  (1857)  series  by  Hodgkinson  were 
subjected  to  more  than  one  test.  They  were  made  long  at  first,  and 
after  being  tested  they  were  cut  do^m  into  shorter  columns  and  re- 
tested,  a  circumstance  still  further  adding  to  the  difficulty  of  deriving 
any  definite  laws  of  strength  from  these  tests. 

Regarded  as  a  means  of  determining  the  influence  of  column  pro- 
portions on  ultimate  strength,  the  results  of  any  of  the  tests  plotted 
on  Fig.  19  are  of  little  value,  and  a  most  cursory  consideration  will 

*Abstracted  from  Mr.  Hodgkinson's  paper  in  Philosophical  Transactions,  Royal 
Society  of  London,  1857. 

+  Engineering,  February  28th,  1896. 

t  Engineering,  September.llth,  1896. 

§  Engineering  News,  January  13th,  1898. 

II  Reports,  1887-1888,  and  Lanza's  "  Applied  Mechanics." 
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show  the  absTirdity  of  attempting  to  generalize  with  regard  to  any  of 
the  three  principal  sets  of  tests  of  this  diagram.  Nevertheless,  these 
are  the  most  important  tests  of  cast-iron  columns  yet  made,  from  the 
point  of  view  of  the  engiueer,  representing,  as  they  do,  all  the  experi- 
mental evidence  at  jjreseat  available  to  justify  the  confidence  of  the 
designer  using  this  material  in  its  commoner  qualities  without  any 
definite  knowledge  or  check  upon  its  physical  characteristics. 

It  is  woi-thy  of  note  that  prior  to  the  Watertown  tests  of  1887  and 
1888,  there  was  absolutely  no  published  experimental  evidence  existing 
of  the  strength  of  common  grade  cast-iron  columns  of  the  proportions 
of  length  to  radius  of  gyration  in  most  common  use.  Hodgkinson's 
tests  (1857j  did  not  give  results  on  columns  of  shorter  lengths  than  79 
or  80  times  the  radius  of  gyration,  and  his  tests  in  the  1840  paper  were 
on  iron  of  a  comiDaratively  high  class.  This  want  has,  to  a  slight 
extent,  been  filled  by  the  Watertown  tests  and  the  New  York  Building 
Deijartment  tests. 

It  is  surprising  to  think  of  the  enormoiis  number  of  cast-iron 
columns  which  have  been  put  into  use  without  any  justification  for  the 
loads  imj)osed  on  them,  except  a  simple  faith  in  Hodgkinson's,  Gor- 
don's and  Eankine's  formulas,  and  in  the  numerous  tables  calculated 
therefrom  and  jDublished  in  engineering  jiocketbooks  and  treatises. 

The  writer  does  not  pretend  that  the  curves  plotted  on  Fig.  19  have 
any  other  than  a  i^urely  accidental  correspondence  with  the  exi^eri- 
mental  results  shown  on  the  diagram. 

The  curves  calculated  from  the  formula  refer  to  material  of  certain 
fixed  characteristics,  while  the  experiments  plotted  on  Fig.  19  were 
made  on  cast  iron  of  widely  diff'erent  grades. 

At  the  same  time  the  curves  follow  definite  laws,  and  may  serve  as 
a  basis  of  reference.  The  writer,  in  his  own  practice,  would  not  care 
to  count  upon  higher  ultimate  strengths  for  common  cast-iron  col- 
umns than  are  given  by  the  lowest  curves  on  the  diagram. 

Wrought  Iron. — Round  or  Pivoted  Ends. 

Fig.  20. — Eej^resenting  33  tests  of  round-ended  columns  by  Mr. 
Christie.*  These  tests  have  all  been  i^lotted  to  lengths  measured  from 
center  to  center  of  hemispherical  ends.  Mr.  Christie  gives  values  of 
R  based  on  extreme  lengths. 

*  Transactions,  Am.  Soc.  C.  E.,  VoL  xiii. 
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In  the  case  of  Tests  Nos.    227,  228  and  229  the  ratio  —  has  been 

r 

recalculated   from   the   lengths   given   in  Mr.  Christie's  Table  No.  6. 

The  values  of  —  for  these  three  tests  given  in  this  table  do  not  agree 
/• 

■with  the  lengths  and  radii  of  gyration. 

The  38  tests  by  Mr.  Christie  shown  on  this  diagram  are  Nos.  200  to 
229,  inclusive,  of  his  Table  No.  6,  and  Nos.  287,  290  and  293  of  his 
Table  No.  8. 

One  test  of  a  round-ended  column  of  large  size  by  L.  F.  G.  Bous- 
caren,*  M.  Am.  Soc.  C.  E.  The  ends  of  this  coliimn  were  j)ortions  of 
a  sphere  of  10^  ins.  radius,  and  the  effective  length  has,  therefore,  been 
taken  to  be  20i  ins.  shorter  than  the  length  over  all. 

Fourteen  tests  of  round-ended  columns  by  Mr.  Hodgkinson.f 
Allowance  for  the  round  ends,  in  arriving  at  effective  length,  has  been 
made  in  this  case  also.     The  sectional  areas,   loads  per  square  inch, 

radii  of  gyration,  and  values  of  — ,    have    been    calculated    by    the 

writer  from  Mr.  Hodgkinson's  records. 

Total  number  of  tests  on  diagram,  48. 

Fig.  21. — RejH-esenting  116  results,  by  Professor  Tetmajer,  on  pivot- 
ended  columns.  J  These  results  rejiresent  210  experiments.  Ninety- 
four  of  the  results  plotted  represent  in  each  case  the  average  of  two 
tests,  while  twenty-two  of  the  results  are  for  single  experiments.  The 
results,  as  i^lotted  by  the  writer,  are  in  every  case  for  the  load  per 
gross  square  inch.  Some  of  the  specimens  were  compounded  of  two  or 
four  liieces  riveted  together,  and  in  the  diagram  given  by  Professor  J. 
B.  Johnson  in  his  "  Materials  of  Construction,"  these  results  ai^jsear 
to  have  been  i^lotted  for  load  per  net  square  inch  (the  rivet  holes  being 
deducted),  and  they  have,  therefore,  too  high  a  value.  This  error  was 
repeated  in  the  reproduction  of  the  diagram  by  Mr.  Marston  in  his 
discussion  of  Professor  Cain's  pai)er.| 

Fig.    22. — This  diagram  is  simply  a  combination  of  Figs,  20  and 

21,    and  therefore   includes   practically    the   whole   of  the  available 

experimental  evidence  as  to  the  strength    of  wrought-iron   columns 

with   both   ends    free,    and   unconstrained,    /.    e.,  with    "round"   or 

"  pivot  ends  "  and  with  "  central  "  loading. 

*  Transactions.  Am  Soc.  C.  E.,  Vol.  ix. 

i Philosophical  Transactions,  Royal  Society,  London,  1840. 

i"  Tetmajer's  Communications." 

§  ''The  Ideal  Column,"  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  pp.  109  to  111. 
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The  experiments  of  M.  Considere  on  pivot-ended  columns  cannot 
'be  made  use  of  as  bases  of  reference  for  practical  -work,  on  account  of 
the  attempt  made  to  feel  for  the  "physical  axis,"  or  axis  of  greatest 
resistance,  by  moving  the  j^ivot  ends  out  of  the  geometric  axis,  a 
refinement  which  is  entirely  out  of  the  question  in  practical  con- 
struction. 

This  objection  i^robably  applies  also  to  Professor  Bauschinger's 
experiments  on  pivot-ended  columns,  but  this  i^oint  the  writer  has 
not  been  able  to  make  out  clearly  from  the  records. 

It  may  also  be  noted  that  M.  Considere's  test  specimens  were  of 
very  small  sections,  the  heaviest  being  only  11  mm.  X  23  mm. 
(rectangular)  or  253  sq.  mm.  =  about  0.4  sq.  in.,  and  the  lightest  only 
77  sq.  mm.  (angle  section)  =  about  0.12  sq.  in.*  This  last  objection 
does  not  apply  to  Bauschinger's  pivot-ended  tests,  in  which  the 
sections  ranged  from  a  maximum  of  63.8  sq.  cm.  (m -section, 
25.2  cm.  X  13.86  cm.),  orabout9.9  sq.  ins.  sectional  area,  to  a  minimum 
of  5  sq.  cm.  (T-har,  5.7  cm.  X  2.82  cm.),  or  about  0.755sq.  in.  sectional 
area. 

Although  it  has  been  stated  that  Bauschinger's  tests  (pivot-ended) 
probably  cannot  be  used  as  bases  of  reference  in  practical  work, 
owing  to  the  refinements  probably  adopted  in  carrying  out  the  tests, 
yet  it  has  seemed  to  the  writer  that  a  record  of  them  is  necessary  to 
the  completeness  of  this  pajser;  and  a  still  stronger  reason  for  their 
presentation  in  diagram  form  lies  in  the  fact  that  in  spite  of  all  the 
highly  skilled  care  and  accuracy  bestowed  on  the  tests,  Bauschinger 
did  not  succeed  in  keej^ing  the  lower  tests  above  the  lower  limit  found 
in  the  tests  of  other  experimenters,  as  will  be  seen  on  reference  to 
rig.  23. 

Fig.  23. — Twenty-nine  tests  by  Professor  Bauschinger  on  jHvot- 
ended  columns  of  wrought  iron.f 

Fig.  24. — Nine  results,  representing  eighteen  experiments  by  Profes- 
sor Tetmajer  on  pivot-ended  wrought-iron  columns  under  intentionally 
eccentric  loads.  These  results  are  in  each  case  the  average  of  the 
tests  of  two  specimens. J  It  is  unfortunate  that  the  record  of  each 
individual  exjoeriment  has  not  been  given  by  Professor  Tetmajer. 

*  Considfere's  Report  on  "  La  Resistance  au  Flambement  des  Pieces  ComprimSes  " 
f  French  Commission  des  Methodes  D'Essai  des  Materiaux  de  Construction.    Tome  iii). 
t  Funfzehntes  Heft,  Mittheilung,  xviii. 
i  '•  Tetmajer's  Communications." 
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The  record  numbers  of  the  results  are  noted  on  the  diagram. 
Tetmajer's  tests  (non-axial),  'Sos.  27  to  34  inclusive,  have  not  been, 
jilotted  by  the  writer,  as  they  were  on  f -bars,  100  mm.  x  100  mm. 
X  10  mm.,  with  the  load  imposed  eccentrically  in  the  line  of  the 
greatest  radius  of  gyration,  while  the  bars  all  failed  in  the  direction  of 
the  least  radius  of  gyration.  It  may  be  remarked  that  the  amount  of 
the  intentional  eccentricity  in  these  tests  (Nos.  27  to  34)  was  not  suffi- 
ciently great  in  any  case  to  enslire  that  failure  would  occur  by  flexure 
in  the  plane  of  the  greatest  radius  of  gyration,  and  the  "accidental  " 
equivalent  eccentricity  in  the  plane  of  the  least  radius  of  gyration  was 
evidently  the  controlling  factor. 

The  examples  on  the  diagram  have  been  selected  for  the  sole  reason 
that  they  were  most  nearly  uniform  in  the  character  of  section,  method 
of  loading,  and  amount  of  eccentricity. 

Fourteen  of  the  tests  were  on  pairs  of  angle  bars  riveted  together  to 
form  a  T-section,  and  the  remaining  four  were  on  channel  bars. 

In  each  case  the  eccentricity  of  loading  was  such  that  the  tables  of 
the  T-sections  or  channels  were  subjected  to  the  greatest  compressive 

stress,  and  in  consequence,  the  value  of  —^  was  much  less  when  referred 

to  the  table  faces  than  when  referred  to  the  points  of  the  legs  of  the 
T-sections  or  channels,  rendering  it   necessary   to  use  two  different 

values  of  — ^,  when  plotting  the  cur\-es  by  the  writer's  formula,  one 

being  for  failure  by  compressive  stress  in  the  table  faces,  and  the  other 
for  failure  by  tensile  stress  in  the  points  of  the  legs. 

c  6 
The  values  of  —r  deduced  from  the  sections  and  the  actual  value  of 
r- 

intentional  eccentricity  were  as  follows: 


For  results. 

-^  for  Compressive  stress. 

c  e 
-^  for  Tensile  stress 

Nos.  14.  15,  16.  17  and  18 

1.256 

1.423 

1.627  and  1.651 

3.125 

Nos.  56  and  58 

3.440 

Nos.  51  and  52 

3.420  and  3.470 

The  curves  plotted  on  the  diagram  have  been  calculated  from  values : 
For  Compressive  stress.  For  Tensile  stress. 

i4 1-5  3  and  3.5 

and  the  characteristic  agreement  is  sufficiently  satisfactory  when  it  is 
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rt>nienil)oroil  that  we  are  clealiuj?  with  tests  of  ultimate  strength,  and 
that  each  result  plotted  ou  the  diagram  represents  the  average  of  two 
tests. 

The  other  non-axial  tests  made  l)v  Tetmaier  had  values  ^  of  too 

little  uniformity  to  allow  of  them  being  used  to  illustrate  the  influence 


Tests  of  Eccentrically  loaded  Wrought-lron  Columns, 

with  Pivoted  'Pointed) Ends. 

TESTS  BV   PROrESSOR  TETMAJER.C  TETMAJER'S  COMMUNICATIONS). 

6    RESULTS  OF  SOLID  CYLINDRICAL  BARS  46  it.. m.  TO  46.8  m-n..  OIAM. 

WITH  ECCENTRICITV    OF      LOADING  =s  40 m.m. 

MEASURED  VALUE. £?=  6.84  TO  6.96. 

S    RESULTS   X           U                  f                 1.    46»..™.T0  46.em.i^.'DIAM. 

WITH  ECCENTRICITV  OF   LOADING  =60  ».™. 

MEASURED  VALUE  ^  =  13.68  TO   13.92. 
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Fig.  2.5. 
of  eccentric  loading  combined  with  the  influence  of  varying  ratios  of 
— .     They  do,  however,  most  clearly  show  the  serious  loss  of  strength 
caused  by  eccentric  loading. 

Ficj.  2-5.— Ten  results,  representing  twenty  tests  by  Professor  Tet- 
majer    on    pivot-ended    w^rought-iron    columns    under     intentionally 
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eccentric  loads.  Each  result  plotted  is  the  average  of  two  tests.* 
These  results  are  especially  interesting,  notwithstanding  their  small 
number,  as  the  tests  were  on  solid,  round  bars  of  one  make  of  iron 
throughout,  and  the  observed  and  intentional  value  of  eccentricity  of 
loading  was  very  large,  and  thus  greatly  overshadowed  accidental 
conditions. 

Ten  of  the  experiments  were  made  with  a  value  of  -^  =  6.84  to  6.96, 

and  the  other  ten  with  a  value  of  ^  =  13.68  to  13.92.      The  ultimate 

strength  of  the  iron  under  direct  tension  is  given  by  Tetmajer  as  51  400 
lbs.  per  square  inch,  with  an  ultimate  elongation  of  23.7%  in  200  mm. 
(7|  ins.  nearly). 

In  this  diagram  the  vertical  scale  of  the  load  has  been  made  much 
larger  than  in  the  other  diagrams  in  order  to  emphasize  the  difference 
in  the  results,  and  to  show  their  characteristic  agreement  with  the 
writer's  calculated  curves. 

In  each  of  the  two  sets  of  experiments  plotted  on  this  diagram  the 
upper  curve  indicates  the  loads  causing  a  maximum  compressive  stress 
of  48  000  lbs.  per  square  inch,  and  the  lower  curve  indicates  the  loads 
causing  a  maximum  tensile  fiber  stress  of  33  000  lbs.  per  square  inch. 

The  curves  for  the  upper  set  of  tests  have  been  plotted  for  a  value 

C  8 

of  — —  =  7,  and  those  for  the  lower  set  for  a  value  of  14. 

r  - 

Wrought  Iron. — Fixed  Ends. 

Fig.  26. — Twenty-five  tests  by  Mr.  Christie  on  fixed-ended  columns 
of  angle  bars.f  Reference  has  already  been  made  to  the  difficulty  of 
realizing  fixity  of  ends  in  cohimns,  and  Mr.  Christie  remarks  in  his 
description  of  his  experiments,  that  the  lengths  of  the  fixed-ended 
struts  were  measured  between  the  clamps,  whereas  the  point  of  abso- 
lute fixing  probably  occurred  at  some  place  within  the  clamps,  and 

the  values  given  for  the  ratio  ^  would  then  be  too  low. 

If  ]Mr.  Christie's  suggestion  were  adopted  and  a  somewhat  higher 

value  assumed  for  the  value  of — ,    the     already    fairly     satisfactory 

agreement  between  the  writer's  lower-limit  curve  and  the  lower  results 

of  the  exi^eriments  would  be  still  more  pronounced. 

*  •'Tetmajer's  Communications." 

+  Transactions.,  Am.  Soc.  C.  E.,  Vol.  xiii. 
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These  experiments  by  Mr.  Christie  are  the  only  series  on  fixed- 
ended  columns  of  which  the  writer  is  aware.     It  is  to  be  noted  that 

]Mr.  Christie's  Test  No.  174,  with  ratio  —  =  118   (maximum  load  im- 

r 

posed  being  24  050  lbs.  per  square  inch),  is  not  shown  on  the  diagram, 
as  failure  did  not  take  place. 

Wrought  Iron. — Flat  Ends. 

Figs.  27,  28,  29,30  and  31.— Tests  of  240  flat-ended  wrought-iron 
columns.  The  diagrams  are  self-explanatory,  as  far  as  jjossible.  Atten- 
tion is  directed  to  the  low  results  evidenced  in  these  tests  of  flat-ended 
columns  when  of  considerable  length,  owing  to  their  rotating  on  their 
ends.  This  mode  of  failure  was  found  by  Mr.  Christie  in  his  tests  of 
flat-ended  struts,  as  always  occurring  in  the  longest  struts,  and  never 
in  the  shortest. 

Fig.  32. — Kesults  of  seventy -nine  tests  of  flat-ended  wrought-iron 
columns  of  large  size,  of  various  sections,  and  by  various  experimenters. 
The  writer  has  not  been  able  to  refer  to  the  original  records  in  every 
case,  but  the  sources  from  which  the  information  has  been  obtained  are 
acknowledged  on  the  diagram. 

With  regard  to  the  Keystone  columns  tested  by  Mr.  Bouscaren, 
only  the  four  which  were  riveted  through  the  projecting  flanges, 
similarly  to  a  Phoenix  column,  are  recorded  on  the  diagram. 

Fig.  33. — Thirteen  tests  of  wrought-iron  flat-ended  columns,  by 
Professor  Bauschinger.*  These  columns,  which  had  flat  ends,  are  not 
ojien  to  the  objections  raised  against  the  use,  as  a  basis  of  reference, 
of  Bauschinger's  pivot-ended  columns. 

Seven  results,  representing  thirteen  tests  of  flat-ended  wrought- 
iron  columns,  by  Professor  Tetmajerj. 

Twenty  tests  of  flat-ended  wrought-iron  columns,  by  the  late  C.  A. 
MirshaU.  M.Am.  Soc.  C.  E  J  Keference  to  Mr.  Marshall's  tests  will  be 
made  subsequently. 

Forty  results  =  forty-six  tests,  total  on  diagram. 

Fig.  34. — This  diagram  is  compounded  of  Figs.  26  to  33,  inclu- 
sive, and  shows  the  results  of  390  exjieriments  (384  results),  on 
wrought-iron  columns,  25  of  the  tests  being  of  fixed- ended  columns, 
and   365   being  of  flat-ended   columns.     This  diagram   shows  practi- 

*  Funfzehntes  Heft,  Mittheilung,  xviii. 

1- "  Tetmajer's  Communications." 

X  Transactions,  Am.  Soc.  C.  E..  Vol.  xvii 
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cally  all  the  available  experimental  data  on  the  strength  of  wrought- 

iron  columns  A\-ith  flat  ends. 

The  weakness  of  flat-ended  columns  in  the  higher  ratios  of  —  is 

r 

most  clearly  evident  in  this  diagram.     The  high  strength  shown  by  a 

number  of  columns  of  ratio  —  =  30,  and  under,  is  also  a  striking  feature, 

r 

and  it  would  appear  that  columns  longer  than  30  radii  of  gyration  (7J 
diameters  in  cylindrical  solid  bars)  cannot  be  exjiected  to  develop 
higher  strength  due  to  jDlastic  yielding  under  compression,  and  that 
column  action  begins  to  come  into  play  more  definitely  at  about  ratios 

-  =  30  to  40. 
r 

It  is  evident  that  in  very  short  columns  the  useful  ultimate  strength 
must  be  measured  by  the  elastic  limit  under  comjjression,  and  this  may 
not  have  been  noted  carefully  in  some  of  the  exi^eriments,  but  beyond 
the  ratio  30,  the  influence  of  column  length  a^^i^ears  to  become  very 
strongly  marked. 

Wrought  Iron. — Hinged  or  Pin  Ends. 

Fig.  3o. — One  hundred  and  six  tests  of  hinged-ended  angles,  tees, 
tubes,  channels  and  beams,  by  Mr.  Christie.*  In  Mr.  Christie's  account 
of  his  tests,  he  remarks :  ' '  The  hinged-ended  tests  varied  all  the  way 
from  the  value  of  round-ended  up  to  flat-ended." 

The  writer  would  extend  this  to,  "the  hinged-ended  tests  varied  all 
the  way  from  the  lower  values  for  round-ended  up  to  the  higher  values 
for  flat  or  fixed-ended." 

The  truth  of  this  is  apparent  on  referring  to  the  diagram  on  which 
the  writer  has  plotted  the  lower-limit  curve  for  round-ended  columns 

with  -^  =  0.6,  as  on  Figs.  20,  21  and  22,  and  the  upper-limit  dotted 

curve  for  fixed-ended  columns  with  — -  =  0.15,  as  on  Figs.  26  to  33. 

r- 

The  high  results  for  ratios  under  30  are  again  evident,  and  are 
similar  to  the  results  for  flat-ended  columns. 

The  tests  on  hinged-ended  angles,  given  in  Table  No.  3  of  Mr. 
Christie's  paj^er,  are  all  plotted  on  the  diagram,  excepting  those  which 
were  not  carried  to  the  point  of  failure.  In  addition  to  these,  the  writer 
has  also  jjlotted  five  of  Mr.  Christie's  extra  tests  on  some  of  these  angle 
bars,  as  given  on  pages  113  and  114  of  Mr.  Christie's  paper. 
*  Transactions,  Am.  Soc.  C.  E..  Vol.  xiii. 
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These  are  as  follows: 

1.  First  test,  with  '2-iu.  balls  auJ  sockets,  apparently  central,  on  the 

same  bar  as  iu  Experiment  No.  80,  ratio  —  =  104,  for  which  the  result 

r 

of  the  second  test  after  moving  the  ends  0.06  iu.  from  the  original 
position  was  given  in  Mr.  Christie's  Table  No.  3.  The  fii-st  test,  appar- 
ently central,  gave  an  ultimate  strength  of  19  400  lbs.  (9  200  lbs.  per 
square  inch),  and  the  second  test,  after  moving  the  specimen  0.06  in., 
gave  an  ultimate  strength  of  27  850  lbs.  (13  199  lbs.  i^er  square  inch). 
Both  of  these  results  are  on  the  diagram. 

2  and  3.  The  second  and  third  tests  on  the  same  bar  as  in  Exi:)eri- 

ment  No.  117,  ratio  -^  =  290.     The  first  test  (No.  117)  on  this  bar  was 

with  2-in.  balls  and  sockets  (7  020  lbs.  per  square  inch),  the  second  with 
1-in.  balls  and  sockets  (3  525  lbs.  per  square  inch),  and  the  third  wdth 
2-in.  i^ins.  (4  790  lbs.  per  square  inch). 

4.  The  second  test  on  the  same  bar  as  in  Experiment  No.  118,  ratio 

—  =  233.     In  the  case  of  this  bar,  the  first  test  result,  with  ends  ai)- 

parently  central,  is  given  in  Mr.  Christie's  Table  No.  3,  the  strength 
being  16  700  lbs.  (8  650  lbs.  per  square  inch),  and  in  the  second  test  the 
ends  were  moved  0.06  in.,  with  the  result  that  the  strength  was  26  450 
lbs.  (13  700  lbs.  per  square  inchj. 

5.  The  first  test  on  the  same  bar  as  in  Experiment  No.    119,  ratio 

—  =  189,  giving  a  strength  of  20 150  lbs.  (8  340  lbs.  per  square  inch) .     In 
r 

the  case  of  this  bar,  the  second  test,  after  moving  the  bar  0.07  in.,  with 
resulting  iiltimate  strength  of  38  175  lbs.  (15  770  lbs.  per  square  inch), 
is  that  given  in  INIr.  Christie's  Table  No.  3. 

It  is  not  clear  why  IMr.  Christie  should  have  selected  the  second 
tests  in  the  case  of  Experiments  Nos.  80  and  119,  for  insertion  in  his 
Table  No.  3,  which  otherwise  refen-ed  to  struts  under  apparently 
central  loads. 

IMr.  Christie's  extra  tests,  of  considerable  number,  on  angles,  tees, 
tubes,  and  H -beams,  in  addition  to  the  few  above  mentioned,  made  it 
most  ajiparent  that  the  physical  axis  did  not  always  coincide  "with  the 
geometric  axis,  and  they  also  showed  very  markedly  how  very  sensitive 
the  columns  were  to  apparently  insignificant  amounts  of  adjustment, 
and  to  variations  in  sizes  of  pin  or  socket. 
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Fig.  36. — One  liundred  and  twenty-six  tests  of  pin-ended  wrought- 
iron  columns  of  large  size  by  various  experimenters.  The  writer  has 
not  had  the  advantage  of  referring  to  the  original  pubHshed  records  of 
most  of  the  tests,  and  he  has  therefore  been  comjDelled  to  take  the 
records  at  second  hand  from  the  sources  acknowledged  on  the  diagram. 

With  regard  to  the  Detroit  Bridge  Company's  columns,  the  results 
have  been  taken  from  the  paj)er  by  Theodore  Cooper,  M.  Am.  See.  C. 
E.,*  from  Professor  Lanza's  "Applied  Mechanics,"  and  Professor  W. 
H.  Warren's  "Engineering  Construction." 

The  results,  in  many  cases,  if  j^lotted  to  the  values  of  —^  given  by 

Mr.  Cooper,  would  differ  considerably  from  the  results  as  plotted  on 
the  diagram.     This  results  from  the  writer's  having  found  that  the 

values  of  the  ratio — '  given  by  Mr.   CoojDer,   do  not  agree  with  the 

dimensions  of  the  columns  as  given  by  Professor  Lanza  and  Professor 

Warren.     The   writer,    accordingly,    recalculated  the  values   of  — —, 

using  the  lengths  as  given  by  Professors  Lanza  and  Warren,  and, 
calculating  the  radius  of  gyration  from  the  detailed  sections  given  on 
Plate  XXVII  of  Mr.  Cooper's  pa^^er,  at  the  same  time  comparing 
carefully  the  sections  as  given  by  Mr.  Cooper  with  the  less  fully 
detailed  sections  given  by  Professors  Lanza  and  Warren. 

It  would  appear  that  Mr.  Cooper  has  taken  the  least  radius  of 
gyration  in  every  case,  but  these  columns  were  jjin-ended,  in  which 
the  radius  of  gyration  at  right  angles  to  the  pin  was  frequently  greater 
than  that  parallel  to  the  pin,  and  it  is  this  greater  radius  of  gyration 
which  should  be  used,  as  the  colamns  were  practically  tiat-ended  as 
regards  failure  in  the  direction  of  the  least  radius  of  gyration.      The 

effect  of  this  is  that  Mr.  Cooper's  values  of  —  are  in  manv  cases  too 

r 

great,  and,  consequently,  too  great  strength  has  been  credited  to  these 
high    values   of  . 

It  is  worthy  of  note  that  a  few  of  these  columns  did  fail  by  deflect- 
ing in   a   direction   i^arallel   to   the   pins,    and   acting   as    flat-ended 
columns,  and  not  as  pin-ended.     This  draws  attention  to  the  necessity 
for  care  in  i^roportioning  pin-ended  columns  in  which  the  radius  of 
*  "American  Railway  Bridges,"  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxi. 
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gyration,  parallel  to  the  axis  of  the  pins,  is  of  less  value  than  the 
radius  perpendicular  to  the  jDins. 

If  too  great  a  diflference  exists,  the  column  may  be  weaker  as  a  flat- 
ended  column  deflecting  j^arallel  to  the  pins  than  as  a  pin-ended 
column  deflecting  at  right  angles  to  the  pins. 

Four  of  the  Detroit  Bridge  Company's  columns  were  purposely 
loaded  out  of  axis,  and  these  are  plotted  on  the  diagram  with  a  note 
to  that  effect.     Two  of  the  columns  were  formed  of  a  pair  of  10-in. 


Tests  of  Mild-Steel  Columns  with  Pivoted(=Pointed)Ends. 
"  Central  Loads." 


I.  X  100  m.m.  X  19?o(  m.m.)^ 
c  60  m.T..  X  1730(m.w.  )2 


TESTS  BY  PROFESSOR  TETMAJER; 

6  RESULTS  =  12  TESTS  OF  ANGLE  BARS  100  i 

SECTIONAL  AREA  EACH. 
-6  RESULTS  =12  TESTS  OP  TEE-EARS  I20n>.< 

SECTIONAL  AREA  EACH. 
6  RESULTS  =  12  TESTS  OF  CHANNELS  140  m.  w.  x  60  m.m.  X  209l(»n.m.)^ 

SECTIONAL  AREA  EACH, 
■J  RESULTS  =  8  TESTS  OF   H   SECTIONS  180  m.m.  X  82  m.m.  X  2946(fii.m.)^ 

SECTIONAL  AREA  EACH. 
6  RESULTS  =12  TESTS  OF  DOUBLE  ANGLE  .JIL  EA.  £0* 

"=2420Cw.m.  )^  TOTAL  AREA. 
6  RESULTS  =  12  TESTS  OF  FOUR  ANGLES  €^  EA,  60  m.m.  >  60  m.m.  x  6.2  m.m. 

=  2758(m.m.  )^TOTAL  AREA.^^ 
5  RESULTS  =10  TESTS  OF  DOUBLE  TEES  ^^ 

=:202e*'m.m.)*"''OTAL  AREA.  ^ 
5  RESULTS  =  10  TESTS  OF  DOUElE  CHANNELS 

SQm.i 

16    RESULTS  =  16  TESTS  QF    SOLID  CYLINDRICAL  BARS  FROM   17.8iii.w. 
DIAM.   TO  48«ii.m.  OIAM.  =    FROM    249(«.m.)°  TO  408(«».».  )? 

60   results(=104  tests). total  on  diagram.  sectional  area~ 

j»€  steel  used  had  tensile  strength 
64,800  to  66,800  lbs.  per  square  inch. 
(tetmajer'S  communications), 
lower  limit  formula, 


ROUND  ENDS 


1=        ■     /  48g  /fc 


E  =  30,000,000     LBS.    PER  SQUARE  INCH, 
~         64,000    LBS.    PER  SQUARE   INCH, 


340        320 


Fig.  39. 

channels  connected  on  one  side  by  a  jslate,  and  on  the  other  by  lattic- 
ing.    The  other  two  were  of  the  same  type,  but  with  8-in,  channels. 

The  low  strengths  are  worthy  of  careful  attention,  as  the  results 
were  evidently  not  entirely  due  to  these  four  columns  being  of  unsym- 
metrical  section,  but  to  the  pins  not  being  placed  at  the  center  of  area, 
since  the  highest  result  shown  on  the  whole  diagram  was  of  the  same 
type  and  proportions  as  these  four  columns,  but  with  jains  placed  at 
the  center  of  area. 
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Fiif.  37. — This  diagram  rei)resents: 

Thirty-four  tests  of  piu-ended  wrought-iron  columns  by  Mr.  C,  A. 
Marshall;*  and  fifty -five  tests  of  pin-ended  wrought-iron  columns  at 
Watertown;!  a  total  of  eighty -nine  tests.  A  reference  to  these  will  be 
made  when  dealing  with  Mr.  Marshall's  tests  on  pin-ended  steel 
columns. 


Fig.  58. —This  is  a  combination  of  tlie  diagrams  on  Figs.  35,  36      '^'^ 
and  37,  and  shows  the  results  of  321  tests  of   hinged-ended  wrought-       "^     ^ ' 
iron  columns. 


Ti-a)isactions.  Am.  Soc.  C.  E.,  Vol.  xvii. 
t  Replotted  from  Plate  XI  of  Mr.  Marshairs  paper,  Transactions,  Am.  Soc.  C.  E., 


Vol.  xvii. 
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MUd  Steel.— Pivoted   Ends. 

Fig.  39. — Sixty  results,  representing  104  tests  by  Professor  Tetmajer 
on  mild -steel  columns  of  various  sections.*  The  remarks  made  with 
regard  to  Tetmajer's  jiivot-ended  ^Tought-iron  tests,  shown  on  Fig.  21  ^ 
apply  also  to  these  tests  on  mild  steel. 


1  1 

Tests  of  Mild-Sfeel  Columns. Hinged  Ends.  Central  Loads." 

FROM    THE    SAME  BLOW  OF  BESSEMER  STEEL 

(■tested    "AS    FROM    ROLLS",  NOT    COLD-STRAIGHTENED), 

OS    STEEL    PINS    iM'dIAM.  , LUBRICATED. 

■ 

1  ; 

TENSILE    STRENGTH   NOMINALLY    70,000 

j 

1  nc     DFR    BrttraRP    itsirH 

(TRANS.    AM.     sec.  C.E.  ,  yOL.xyMl)_                     / 

UPPER    AND    LOWER    LIMIT    FORMULAS.                                 |  / 
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Fig.  41. 


Mild  Steel.— Flat  Ends. 

Fig.  40. — This  diagram  rej^resents: 

Twenty-nine  tests  by  Mr.  Christie;!  four  tests  by  Mr.  Christie;!  eight. 

*  "  Tetmajer's  Communications." 

+  Transactions,  Am.  Soc.  C.  E.,  Vol.  xiii. 

X  Transactions,  Am.  Soc.  C.  E.,  Vol.  xv. 
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ri'siilts  by  Profossor  Ti'tmajor,*  re])roseutiufi;  fifteen   tests;  forty-four 
tests  by  Mr.  Marshall  ;t  a  total  of  eighty-five  results,  uiuety-two  tests. 

Miltl  Steel. — Hinged  Ends. 

Fiij.  11. — Thirty-four  tests  of  hinged-ended  mild-steel  columns  by 
Mr.  Marshall.  I  Mr.  Marshall  stated  in  his  paper  that  his  results  indi- 
cated clearly  the  law  that: 

"  The  elastic  limit  of  tha  material  is  the  chief  factor  in  determining 
the  resistance  of  struts  of  ordinary  length  made  out  of  wrought  iron 
or  steel,  excepting  the  very  hardest  kinds,  and  that  the  two  quantities 
elastic  limit  in  compression  and  ultimate  compressive  strength  are 
identical  within  a  very  considerable  range  of  length  of  columns." 

Mr.  Marshall's  conchisions  were  suj) ported  strongly  by  the  results 
of  his  experiments,  but  the  number  of  tests  made  was  hardly  suflScient 
to  warrant  the  acceptance,  in  practice,  of  conclusions,  which,  if  con- 
sistently aj^plied,  would  allow  the  same  stress  ujion  a  wrought-ii'on 
column  having  a  length  of  100  times  the  radius  of  gyration,  as  for  one 
of  only  a  third  of  that  length. 

The  tests  made  by  other  experimenters  show  a  considerable  fall  in 
strength  with  increase  of  length,  and  their  evidence  cannot  be  ignored 
in  practice;  and,  judging  from  the  results  obtained  by  Hodgkinson, 
Christie,  and  Tetmajer,  with  pivot-ended  columns  in  which  the 
influence  of  frictional  resistance  or  fixity  of  the  column  ends  was 
eliminated,  the  range  of  length  within  whicli  Mr.  Marshall's  law  would 
apiDly,  is  very  limited. 

It  will  be  noticed  on  referring  to  the  diagrams  Figs.  37  and  41,  that 
Mr.  Marshall's  pin-ended  tests  exhibited  a  very  rapid  fall  in  strength 
in  the  longer  column,  /.  e. ,  at  the  ratios  110  to  120  and  over.  This 
points  to  the  i^robability  that  columns  shorter  than,  but  near,  these 
ratios  must  have  been  in  a  very  unstable  condition,  and  were 
assisted  greatly  by  the  frictional  resistance  of  the  pin-ends. 

It  is  also  to  be  noted  that  the  pin -ended  tests  made  by  Mr.  Marshall 
on  wrought  iron  and  steel,  were  compared  by  him  with  the  "  compres- 
sive elastic  limit "  as  determined  from  flat-ended  and  hinged-ended 

specimens   1  in.  square  by  12  ins.  long,^  having  a  ratio  —  =  41.5,  a 


*  "  Tetmajer's  Communications." 

t  Table  No.  1  of  Mr.  Marshall's  paper,  Transactions,  Am.  See.  C.  E.,  Vol.  xvii. 

t  Table  No.  8  of  Mr.  Marshall's  paper 

§  Table  No.  7  of  Mr.  Marshall's  paper. 
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columii  length  quite  sufficient  to  bring  in  influences  -nhich  might,  to 
a  very  considerable  extent,  aflfect  the  results,  and  all  of  these  12-in. 
bars  deflected  under  their  loads.  In  a  few  of  the  longer  columns, 
Mr.  Marshall  showed  how  exceedingly  sensitive  they  were  to  small 
adjustments  in  the  testing  machine,  and  some  of  these  are  indicated 
on  Fig.  41.  A  very  large  increase  of  strength  was  obtained  by  merely 
moving  the  specimen  a  small  fraction  of  an  inch  out  of  its  original 
centering,  and  by  the  simple  application  of  pressure  at  the  start  of  a 

second  test  of  a  column  having  ratio  —  =  180,  in  order  to  cause  failure 

by  bending  in  the  opposite  direction  to  that  in  which  it  had  first  yielded, 
the  strength  was  raised  from  12  420  to  29  810  lbs.  per  square  inch. 
This  sensitiveness  undoubtedly  holds,  in  some  degree,  for  shorter 
columns  as  well  as  for  longer  ones. 

Mr.  Marshall's  comparison  cannot  therefore  fairly  be  considered  as 
referred  to  "  comiDressive  elastic  limit  "  of  the  material,  but  only  as 
one  between  the  strength  of  certain  columns,  41.5  radii  of  gyration 
long,  and  others  of  greater  length. 

The  flat-ended  tests  of  steel  columns  made  by  Mr.  Marshall  (Fig. 
40)  were,  however,  in  j^art  compared  with  short  specimens,  two  sides 
long,  from  the  same  bars  tested  as  columns,  and  it  is  this  comparison 
which  lends  the  greatest  strength  to  Mr.  Marshall's  conclusions. 

It  is  necessary  to  keej)  in  view  that  even  in  a  short  compression 
specimen,  eccentricity  of  loading  will  have  more  or  less  effect,  and  an 
ordinary  test  will  only  give  the  average  stress  on  the  material,  while 
the  important  point  to  be  determined  as  regards  column  strength  is 
the  maximum  elastic  fiber  sti'ess. 

Mr.  Marshall  also  made  comparison  between  the  ultimate  strength 
of  his  column  and  the  tensile  elastic  limit  of  the  same  bars  as  the 
columns,  and  the  result  of  the  comparison  in  most  cases  showed  a  very 
remarkable  agreement.  It  is  difficult,  however,  to  see  how  any  fixed 
relation  of  equality  can  exist  between  the  elastic  limit  of  a  tension 
specimen  and  the  compressive  strength  of  a  column.  In  a  tension 
test,  any  inaccuracy  of  loading  or  lack  of  straightness  does  not  tend  to 
increase  in  influence,  while  in  a  comjaression  sjjeeimen,  even  of  moderate 
length,  the  reverse  is  the  case. 

In  the  curves  i^lotted  on  Fig.  40  it  will  be  noticed  that  no  attempt 
is  made  to  differentiate  between  the  soft  steel  of  Professor  Tetmajer's 
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-1  TEST 


<»  4  TESTS 


Tests  of  Hard-Stgel  Columns  With  Flat-Ends. 

•  25  TESTS  BY  MR  MMES  CHRISTIE  ON  ANGLE-BARS, 
t'x   I'x    M'    TO  l^'x  3  V'x',' 
MR.    JAMES  CHRISTIE    ON    BEAM  SECTION 
3"  DEEP.  (o.  36  carbon) 
TRANS.     AM.    SOC.    C.    E.    VOL.    XIII. 
MR.    JAKES  CHRISTIE    ON   DOUBLE  ANGLE-BARS 
RIVETED     TOGETHER     J^ 
'   XI   x'/:4  EACH  ANGLE 

TO  1  'i  X  t Tx  '/Teach  angle, 

TRANS,     am.    SOC.    C.   E     VOL 

30  TESTS  TOTAL  ON  DIAGRAM. 

TENSILE  STRENGTH  OF  STEEL 

100,000   LBS.    PER  SQUARE  INCH. 
UPPER  AND   LOWER   LIMIT  FORMULAS 
FIXED  ENDS 


TOR  FAILUPE  pv  COMPRESSION 
FLAT  ENDS     1=2     /  43  £    (  '  -  ^  ) 

FOR  INCIPIENT  TENSION. 

«=  30,000,000  LBS.    PEK  SQUARE  INCH, 
^^-  100,000  LBS.    PER  SQUARE  INCH, 
T|=  0.6  FOR  LOWER   LIMIT  CURVE, 
7T^=  0.  15  FOR  UPPER   LIMIT  CURVE, 
fj  =  AVERAGE  COMPRESSIVE   LOAD  IN 
LBS.    PER  SQUARE  INCH. 


Fig.  42. 
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tests  and  the  somewliat  stronger  steel  used  by  Mr.  Marshall,  with  Mr. 
Christie's  standing  intermediate. 

The  mimber  of  tests  in  any  of  the  three  sets  is  not  sufficient  to  war- 
rant any  nicety  of  distinction  between  the  materials  used  in  each,  and 
it  may  be  remarked  that  the  complete  range  of  strength,  from  Professor 
Tetmajer's  minimum  tensile  strength  of  54  800  lbs.  per  square  inch  to- 
Mr.  Marshall's  tensile  maximiim  of  71  255  lbs.  per  square  inch,  is  very 
little  greater  in  proportion  than  the  range  of  tensile  strength  found  in: 
Professor  Tetmajer's  tensile  tests  of  one  class  of  wrought  iron,  in  which 
the  minimum  and  maximum  tensile  strengths  were  respectively  46  000 
and  59  000  lbs.  per  square  inch. 

The  curves  in  Figs.  39,  40  and  41,  therefore,  have  been  plotted  with 
a  value  of  i^^  =  64  000  lbs. ,  and  may  be  taken  as  apjjlying  to  steel  of 
tensile  strength  of  from  60  000  to  70  000  lbs.  jjer  square  inch. 

Hard  Steel.— Flat  Ends.    " 

Fig.  42. — This  diagram  represents: 

Twenty-six  tests  by  Mr.  Christie,*  and  four  tests  by  Mr.  Christie.-j- 
a  total  of  thirty  tests.  It  may  be  urged  with  regard  to  this  diagram 
that  the  lower-limit  curve  for  failure  by  inciiiient  tension  is  too  low,, 
and  is  not  justified  by  the  exjjeriments. 

This  curve  is  not  dependent  in  any  way  on  the  ultimate  or  elastic 
strength  of  the  material,  but  solely  on  the  modulus  of  elasticity  and 

C  £ 

on  the  value  of  — ~,  and  the  latter   quantity   has  been  taken  the- 

same  as  for  all  the  other  diagrams.  The  evidence  of  the  more  numer- 
ous tests  on  wrought  iron  is  so  strong  that  it  does  not  appear  advis-^ 
able  to  count  on  higher  loads  than  those  indicated. 

There  is  no  reason  why  hard-steel  struts  should  be  assumed  to  be 
loaded  with  greater  accuracy,  or  as  having  greater  immunity  from 
injury  by  cold-straightening,  or  as  being  less  likely  to  have  initial 
bends,  than  those  of  wrought  iron  or  mild  steel. 

Timber.— Flat  Ends. 
Fig.  43.      Tests  of  Yellow  Pine  or  Pitch  Pine. — The  diagram  repre- 
sents : 

Sixty -nine  tests,  with  flat  ends,  made  at  Watertown  Arsenal. ;}:    The 

*  Transactions,  Am.  Soc.  C.  E.,  "Vol.  xiii. 
t  Transactions.  Am.  Soc.  C.  E.,  Vol.  xv. 

:JExec.  Doc.  12.  47th  Congress,  flrst  session.  These  have  been  plotted  from  the- 
figures  given  in  Professor  Lanza's  "Applied  Mechanics,'*  pp.  664  to  668,  5th  edition. 
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single  sticks  only  are  shown  on  this  diagram.  The  built  posts  tested 
have  been  omitted.  Three  second  tests  of  the  same  sticks  are  not 
2>lotted.  Sixteen  tests  by  Professor  Lanza  made  at  Watertown  for  the 
Boston  Manufacturers'  Mutual  Fire  Insurance  Company.  The  flat- 
ended  tests  only  are  plotted.*  Fourteen  tests  by  Kirkaldy,  London, 
England,  on  pitch-pine  blocks  with  flat  ends.f 

Total  number  of  tests  on  diagram  :=  99. 

The  inclusion  of  Kirkaldy's  tests  of  j)itch  pine  in  the  same  diagram 
as  the  Watertown  tests  and  Professor  Lanza's  tests  of  yellow  pine  is 
justified  by  a  comiiarison  of  the  results  obtained  by  Kirkaldy  and 
Lanza  on  short  blocks.     The  comjiarison  is  shown  in  Table  No.  2. 

TABLE  No.  2. 


Kirkaldy. 
Round,  9.78  ins.  diameter,  50  ins.  long. 


Lanza. 

Round,  7.70  to  10.46  ins.  diam-1    f  ^      _^, 
eter  Length, 

Rectangular,  8.98  X  9.02  ins. . .  f  1  ^7^° 
I   And  10.20  X  10.07  ins J    [^•^^'^^'is 

Compressive  Strength, 
in  pounds  per  square  inch. 

Minimum, 3  586   I   Minimum 3  604 

Maximum 5  438   |   Maximum 5  452 

Mean  of  5  tests 4  689   1    Mean  of  8  tests 4  658 


Modulus  of  Elasticity. 
Average  up  to  load  of  2  400 

lbs.  per  square  inch 2  000  000  lbs. 

{Minutes   of  Proceedings,    Institution  of 
Civil  Engineers,  Vol.  liii,  p.  158.) 


Mean  of  4  tests 1  911  385  lbs 

(Lanza's  "  Applied  Mechanics,"  p.  351.) 


Fig.  44. — Sixty-six  tests  of  rectangular  flat-ended  white  pine 
columns,  made  at  Watertown  Arsenal.  J  The  single  sticks  only  are 
plotted  on  the  diagram.     The  built  i^osts  tested  have  been  omitted. 

Fig.  45. — This  diagram  rei^resents: 

Thirty-six  tests  of  square  flat-ended  seasoned  French  oak  columns, 
by  Lamande;  §  and  thirteen  tests  of  square  flat-ended  Dantzic  oak 
columns,  by  Hodgkinson,||  a  total  of  forty -nine  tests. 

♦Lanza's  "  Applied  Mechanics,"  pp.  651  and  665,  51  h  edition. 

t  From  Kirkaldy's  Reports  (Kirkaldy's  Life)  and  Minutes  of  Proceedings,  Institution 
of  Civil  Engineers,  Vol.  ILii,  p.  158. 

X  Exec.  Doc.  12.  47th  Congress,  1st  Session.  Plotted  from  the  figures  given  in 
Lanza's  "  Applied  Mechanics,"  pages  659  to  662,  5th  edition. 

§  Plotted  from  the  figures  given  in  Hurst's  "Tredgold's  Carpentry,"  page  84,  6th 
Edition,  1888. 

E  Philosophical    Transactions,  Royal  Society,  London,  1840. 
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In  attempting  to  fit  the  curves  to  these  three  diagrams  of  tests 
of  timber  columns,  the  writer  has  not  lost  sight  of  the  great  varia- 
tion known  to  exist  in  the  character  of  specimens  of  timber,  even 
from^the  same  tree,  due  to  a  number  of  causes  and  conditions  to 
which  it  is  not  necessary  to  allude.  The  tests  i^lotted,  however,  are 
in  each^case  the  most  important  series  of  which  the  writer  is  aware, 
and  they  comprise  the  most  reliable  data  available  for  the  design  of 
compression  members  of  timber. 

There  have  been  other  tests  made  on  large-sized  timbers,  but  they 
are  too  few  in  number  to  be  of  use  in  any  endeavor  to  determine  the 
influence  of  length  on  column  strength.  Notwithstanding  the  diffi- 
culties attaching  to  the  question,  it  will  be  seen  from  the  diagrams 
that  the  tests  do,  in  a  considerable  measure,  exhibit  the  general  char- 
acteristics accompanying  the  numerous  tests  on  the  more  uniform 
materials  previously  dealt  with. 

These  diagrams  comj^lete  the  comjiarison  attempted  to  be  made 
between  the  results  of  tests  of  ultimate  strength  and  the  writer's 
rational  formulas. 

It  may  be  remarked  that  reference  has  been  made  in  the  diagrams 
to  no  less  than  1  620  results,  representing  1  789  tests,  of  ultimate 
strength  of  columns  of  cast  iron,  wrought  iron,  steel,  and  timber, 
exclusive  of  the  references  to  tests  of  deflection. 

APPIilCATION    OF    THE   FoEMULAS   IN    PRACTICE. 

The  opinion  has  already  been  expressed  in  the  paper  that  the 
design  and  proportioning  of  columns  to  carry  given  loads  should  be 
based  on  the  maximum  fiber  stresses  allowable,  and  on  the  stiffness  of 
the  material,  while  making  reference  to  experimental  results  in  order 
to  ensure  having  sufficient  margin  against  ultimate  failure. 

In  order  to  put  this  opinion  into  practical  oj^eration,  it  is  necessary 
to  adopt  suitable  values  for  the  three  fundamental  factors  in  the 
formulas,  viz.,  e,  F\,  and  E. 

It  will  not  be  necessary,  in  the  case  of  "  centrally"  loaded  columns, 
in  practice  to  deal  with  the  value  of  the  allowable  tensile  stress,  since 
tensile  stress  will  not  be  developed  under  ordinary  working  loads. 

The  value  of  £  is  that  concerning  which  our  knowledge  must  be 
drawn  entirely  from  the  comparisons  just  made  with  experimental  re- 
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Q 

suits,  and.  althouerh  the  value  of  — 5  can  be  at  once  calculated  from  tlie 

section  of  column  j^roposedto  be  used,  yet  it  appears  desirable  in  the 
case  of  "  centrally  "  loaded  columns  that  one  constant  value  should  be 

adopted  for  the  quantity  -^;  and  judging  from  experimental  evidence, 

the  value  to  be  assigned  to  it  should  not  be  taken  at  less  than  0.6,  in 
the  present  state  of  our  knowledge. 

C  F 

In  the  case  of  a  solid  cvlindrical  column,   this  value  of  —r-     corre- 

r' 

aponds  to  an    equivalent    eccentricity  of   only  0.3  of    the    radius   of 

gyration. 

The  values  to  be  given  to  F,.  for  different  materials  may  properly  be 
approximately  those  in  common  use  for  maximum  working  fiber 
stresses  in  solid  beams  under  transverse  stress. 

With  regard  to  the  vahie  to  be  given  to  E,  it  must  be  noted  that 
in  every  column  it  is  necessary,  not  only  to  provide  that  the  maximum 
fiber  stress  shall  be  confined  within  proper  limits,  but  also  that  the 
stability  of  the  column,  as  governed  by  the  stiffness  of  the  material  of 
which  it  is  made,  shall  also  have  a  projaer  and  suflBcient  margin  of  safety 
under  the  loads  to  be  imposed. 

The  necessity  for  this  is  at  once  seen  by  a  reference  to  the  calcula- 
tions of  deflection  and  resulting  maximum  fiber  stresses  of  a  long 
column,  given  on  page  351,  and  in  connection  with  which  it  was 
shown  that  the  column  would  be  perfectly  safe  as  regards  the  intensity 
of  maximum  fiber  stress  under  a  load  amounting  to  over  90%  of  the 
ultimate  suj^porting  power. 

Now,  on  reference  to  Formula  (1),  the  general  expression  for  the 
deflection  of  a  column: 

SEI—IPVyx ^^' 

or  its  practical  modification 

^=^^^^^^ (2) 

%EI—^PP 
b 

it  will  be  seen  that  the  deflection  of  any  given  column  under  any  given 
load  increases  directly  as  the  eccentricity  e,  and  further,  that  if  we  had 
a  material  to  deal  with,  such  that  we  need  give  no  thought  to  the  maxi- 
mum stress  developed,  we  would  have  the  curious  result  that  the  ulti- 


MONCRIEFF   ON   THE    PRACTICAL   COLUMN.  417 

lunto  load  woiilil  1h>  profisoly  the  same  whatever  the  amouut  of 
eceeutrieity  might  be. 

The  practical  conchisiou  to  be  drawn  from  the  foregoing  is  that  the 
eccentricity  of  loading  has  nothing  to  do  with  the  stability  or  insta- 
bility of  the  column,  if  the  condition  of  instability  be  defined  as  that 
which  occurs  when  the  deflection  under  load  becomes  infinite. 

From  this  we  see  that  in  designing  a  column  to  carry  a  given  load 
■we  have  two  totally  independent  modes  of  failure  to  guard  against: 

(1)  Against  failure  by  excessive  intensity  of  fiber  stress. 

(2)  Against  failure  by  instability. 

In  the  first  we  are  dependent  on  strength,  and  in  the  second  on 
stiffness. 

We  will  proceed,  therefore,  on  perfectly  correct  rational  lines  if 
we  proportion  our  "  centrally  "  loaded  columns  in  practice  to  meet 
these  two  conditions,  which  are  satisfied  by  using  the  two  formulas: 


For  columns 
with  both 
ends  round 


(  Ni5i?.+/„(p-5)  ^' 

where  F^  is  the  maximum  allowable  working  intensity  of  fiber  stress, 

P  =  K^-^  f^iov  stability (2) 

"where  ^is  a  suitable  fractional  coefficient  of  safety, 

or,  since  /,  =  —,  /^=K -^ =  — ^2 • 

r- 
Applying  these  formulas  to  the  material  which  is  in  most  general 
use  in  constructional  work  at  the  present  day,  i.  e.,  mild  steel,  and 
adopting  as  suitable  values  for  the  various  factors, 
^  =  30  000  000  lbs. ; 
P^  =  24  000  lbs.  i^er  square  inch,  working  dead  stress; 

— -=  0.6  for  columns  in  which  —  =  2,  and  —  =  0.3; 
r-  r  r 

K  =  coefficient  of  safety  against  instabiHty,  say  |; 

we  will  have  the  working  loads  per  square  inch  on  solid,  cylindrical, 

mild-steel,  round-ended  columns  indicated  by  the  curves  in  Fig.  46, 

in  which,  for  everv  ratio  — ,  the  conditions  are  satisfied  that  themaxi- 
r 

mum  fiber  stress  shall  not  be  more  than  24  000  lbs.  per  square  inch, 
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and  the  •svorking  load  shall  not  be  more  than  one-third  of  that  which 
will  cause  instability. 

It  will  be  noticed  that,  at  about  ratio  —  =  88,  the  two  curves  inter- 

r 

sect,  and  at  this  point  the  factor  against  ultimate  failure,  as  compared 

with  experimental  results,  is  somewhat  less  than  is  given  either  for 

very  short  or  very  long  columns,  and  however  rational  the  basis  upon 

which  the  results  depend,  the  writer  thinks  that,  like  himself,  other 

engineers  would  hesitate  to  adopt  heavier  loads,  in  relation  to  ultimate 


35,000 


10,000 


Fig.  46. 


strength  for  a  column  89  or  90  radii  long,  than  would  be  considered 
safe  for  columns  only  one-quarter  of  the  length,  or  four  times  the 
length. 

Again,  it  may  reasonably  be  objected  that  if  we  require  the  factor 
of  safety  against  failure  by  instability  of  a  long  column  to  be  at  least 
3  (assuming  this  as  a  fair  value),  it  should  follow  that  we  would  not 
have  a  much  smaller  value  against  ultimate  strength  as  shown  by  ex- 
periment, in  the  case  of  columns  of  ratio ^  80  to  90. 
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This  objection  may  be  met  very  easily  and  simply  by  using  only 
Formula  (7),  with  the  modification  of  applying  the  factor  of  safety 
against  instability  to  the  value  of  E  in  that  formula,  which  then 
becomes : 

■where  K  =  j — 7 7 j  , 

factor  01  safety. 

It  will  be  seen  that  the  actual  result  of  this  formula  is  to  give  the 

ratio  corresponding  to  a  given  average  load  per  square  inch  for 

material  in  which  the  maximum  compressive  fiber  stress  is  limited  to 
F,.,  and  for  which  the  value  of  the  modulus  of  elasticity  is  taken  to  be 
K  E,  instead  of  the  actual  value  £*  jjertaining  to  the  material. 

The  use  of  the  coefficient  K  in  this  manner  has  an  inappreciable 
influence  on  the  results  of  the  formulas  when  applied  to  short  columns, 
while  its  effect  gradually  increases  with  the  length,  ultimately  afford- 
ing a  factor  of  safety  of  3,  against  failure  by  instability,  in  the  case  of 
exceedingly  long  columns,  and  the  factor  of  safety  against  ultimate 
strength  is  fairly  even  between  these  extremes. 

Table  No.  3  gives  the  resulting  formulas  reduced  by  the  insertion 

of  suitable  values  of — — ,  i^^  and -K"^. 

For  fixed-ended  columns  the  values  of  —  obtained  by  the  formulas 

r  •' 

in  Table  No.  3  are  to  be  doubled,  or  in  other  words,  for  a  given  strength, 
a  fixed-ended  column  is  twice  as  long  as  a  round-ended  or  pivot-ended 
one. 

For  flat-ended  columns,  the  relation  between  the  strength  and  the 

ratio  —  is  the  same  as  for  fixed-ended  columns,  up  to  the  point  when 

incipient  tension  is  the  controlling  factor,  and  it  is  then  necessary  to 
use  the  modified  formulas  as  jireviously  described  for  that  condition, 
except  that,  as  we  are  now  dealing  with  safe  working  loads,  the  coeffi- 
cient of  safety  K  must  be  inserted  in  Formula  (9),  which  then 
becomes 


i-=2 
r 


A8  K  E 
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or  iusertiug 


A'  = 


and  —r-  =  0.6, 


—  =  2.138 


E 


\j  A, 


ratio:  length 


•  least  radius  of  gyration.  _l 
Fig.  49. 
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ratio:    length  — ^  least  RADIUS  OF  GYRATION.i  FLAT  ENDS. 

Fig.  50. 

The  results  of  the  various  reduced  formulas  for  working  dead  loads 
in  Table  No.  3  for  round-ended  columns,  and  of  the  modifications 
above  stated  for  fixed  and  flat-ended  columns,  are  shown  on  various 
diagrams  accompanying  the  paper,  and  are  also  shown  in  Figs.  47,  48, 
49  and  50,  drawn  to  a  larger  vertical  scale  for  convenience  in  use. 
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With  regard  to  the  curves  for  working  dead-loads  on  fixed-ended 
and  flat-ended  eokimns,  it  must  be  remembered  that  in  a  laboratory 
or  test-room  exi^eriment  on  a  fixed  or  flat-ended  column,  the  condi- 
tions of  end  fixing  are  totally  difi'erent  from  those  met  in  ordinary 
practice.  The  rigidity  of  the  testing  machine  bearing  faces,  as  com- 
pared with  the  column  under  test,  is  far  greater  than  is  afforded  by 
any  end  bearing  or  connection  in  practice,  and  for  this  reason  it  is- 
well  not  to  count,  in  actual  work,  upon  such  high  strengths  as  are 
indicated  by  experiment. 

The  only  modification  necessary  in  dealing  with  live  loads  or 
moving  loads  instead  of  the  dead  loads  for  which  the  stresses  adopted 
in  Table  No.  3  are  suitable,  consists  obviously  of  a  reduction  in  the 
value  of  F^  or  F^,  and  an  increase  in  the  value  of  K,  although  in  the 
writer's  practice  he  adoj)ts  the  method  of  increasing  the  moving  load 
by  a  suitable  percentage,  dependent  on  the  character  of  the  load,  and 
then  treats  the  result  as  a  dead-load  equivalent. 


CoLtJsiNS  Under  iNTENTiONAiiiiX  Eccentric  Loads. 

The  experimental  data,  to  which  reference  can  be  made  in  regard 
to  columns  on  which  the  load  is  imposed  with  large  eccentricity  as 
comjDared  with  the  size  of  column,  are  exceedingly  few,  and  as  far  as 
the  writer  is  aware,  are  limited  to  the  tests  by  Tetmajer  (Figs.  24  and 
25) ;  but  as  the  theoretical  principles  upon  which  the  formulas  are 
based  are  those  in  common  use  and  acceptance  in  all  cases  involving 
transverse  bending  simply  combined  with  the  influence  of  direct 
loading,  there  can  be  no  more  hesitation  in  api^lying  them  to  columns 
than  there  is  in  any  case  of  simple  bending. 

In  making  use  of  the  formulas  in  practice,  it  is,  however,  not  only 
suflBcient  to  take  into  account  the  actual  measured  eccentricity  and 

the  value  of  — j  as  fixed  bv  the  section,  but  allowance  should  be  made 
r 

c  s 
for  the  "  accidental  "  value  of  -^,   as  dealt  with  in  the  case  of  pre- 


sumably central  loading 
This  being  the  case,  i 
0.6,   as  determined   for   centrally-loaded    columns,  to  the  measured 


C  8 

This  being  the  case,  it  will  be  necessary  to  add  the  value  of  — j  = 
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viiliio   of    — ■^,    as    ol)taiuoil  from  the  iuteudod    eccentricity   e,  auil 

the  ilimonsious  anil  form  of  the  sections  which  fix  the  value  of  — r- 

In  this  way  a  perfectly  rational  recognition  is  given  to  the  form  of 
section,  in  precisely  the  same  manner  as  in  the  case  of  beams  under 

simple  flexure,  and  the  formulas  for  the  relation  between  the  ratio  — 

r 

and  the  average  load  par  s.piare  inch  for  a  free-ended  column  carrying 

an  eccentric  load  thus  become,  for  safe  working  loads, 


48  KE 


s|5^.+/,{(^+o.6)-5;.[f-'-(r'+»M] 


where  F^  is  the  maximum  allowable  working  fiber  stress  in  compres- 
sion, or 

I         I  ^ ^^  r  r  1 

-=n|5f.-/„  |(£|+o.6)  +5| [t:  -1+  (^  +'■')  J 

where  F^  is  the  maximum  allowable  tensile  fiber  stress  (and  being 

tensile  it  must  be  accorded  the  minus  sign  independently  of  the  fixed 

signs  in  the  formula,  as  has  been  pointed  out  previously). 

These  formulas  again  reduce  to  very  simple  expressions  when  the 

c  a 
values  of  K  E,  F^  or  F^  and  — ;^  are  inserted,  as  will  be  seen  by  the 

following  application  to  mild  steel,  using  the  same  values  for  the 
various  quantities  as  adopted  for  "  centrally  "  loaded  columns. 

Since  the  maximum  compressive  stress  actually  developed  in  a 
column  of  symmetrical  section  always  exceeds  the  maximum  tensile 
stress,  it  will  not  be  necessary,  in  the  case  of  mild  steel,  to  use  the 
formula  containing  the  value  of  maximum  allowable  tensile  stress  i^„ 
as  this  may  be  taken,  for  this  material  under  working  loads,  as 
having  the  same  value  accorded  to  F^,  the  allowable  compressive  fiber 
stress. 

In  the  case  of  cast  iron  it  will,  of  course,  be  necessary  to  use  both 
expressions,  and  to  adopt  whichever  gives  the  lower  value  to  the  ratio 

—  for  any  given  load/",;. 
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Tlie  formula,  then,  for  the  following  values  of  l-^  +0.6  jinserfced, 

will  be  for  mild-steel  columns  of  symmetrical  section,  carrying  dead 
loads,  using  10  000  lbs.  as  a  unit  for  E,  F^  and/,: 

I  I      480       ,2.4        _. 

\|l2  +  fa\fa  / 


:6, 

r 

=  10 

:8, 

I 
r 

=  10 

480       /2.4 


(7f-0 


|12  +  3/, 

The  working  out  of  these  values  of  the  formula  is  shown  by  the 
curves  on  Fig.  51. 

A  reference  to  the  remarks  jireviously  made  in  connection  with  Fig. 
24  will  show  that  in  dealing  with  columns  of  unsymmetrical  section 
it  may  be  necessary  to  consider  the  question  of  tensile  stress,  and  to 
use  the  modification  of  the  formula  suitable  to  such  conditions. 

Columns  Subxected  to  Side  Loads. 
The  eflfect  of  a  side  load  in  addition  to  the  end  load  on  a  column  is 
easily  traced  by  the  aid  of  the  principles  and  formulas  in  the  foregoing 
Images.     To  illustrate  this  it  will  be  convenient  to  take  a  direct  example. 
Assume  a  mild-steel  column  with  pivot  ends,  and  having  the  fol- 
lowing particulars: 

I  =  100  ins.  =  length; 
7=  10  ins."; 
?•  =  1  in. ; 

c  =  2.5  ins.,  from  axis  to  extreme  fibers; 
Sectional  area  :=  10  sq.  ins. ; 

^  =  30  000  000  lbs. ; 
and  assume   the   side  load  to   be   4  000   lbs.,    distributed  along  the 
column's  length. 

This  will  jn-oduce  a  bending  moment  at  the  center, 

-,      4  000  lbs.   X  100  ins.        _.  ^nn  •      i  ^ 

31=  5 =  50  000  inch-pounds, 

o 

and  the  resulting  maximum  fiber  stress  will  be 

.       Mc       50  000  X  2.5  ,^  ^^- .,  .     , 

/  =  —J-  = :^ =  ±  12  500  lbs.  per  square  inch. 
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The  side-load  bending  moment  diagram  will  have  a  parabolic  out- 
line, as  shown  in  Fig.  52,  the  central  depth  being  50  000  inch- 
pounds  to  any  convenient 
scale. 

Treating  each  half  of 
the  column  (or  beam)  as  a 
cantilever,  with  respect  to 
its  central  section,  the 
deflection  at  the  center  will  be 


Fig.  52. 


where  ^  =  50  000  x  50  ins,  X 


AX 
~  EI' 
and  X  = 


of  50  ins.,  and  therefore. 


(50  OOP  X  50  X  f)  X  (I  of  50) 
30  000  000  X   10 


0.1736  in. 


In  order  to  determine  the  deflection  of  the  column  under  end  loads 
it  is  now  only  necessary  to  treat  it  in  precisely  the  same  way  as  already 
indicated  for  a  column  having  an  initial  curvature,  with  the  value  of 
central  versed  sine,  v  =  0.1736  in.,  keeping  in  view,  when  considering 
its  strength  as  against  end  loads,  that  we  have  already  absorbed  12  500 
lbs.  of  the  allowable  maximum  fiber  stress. 

In  the  present  case  it  is  not  difficult  to  determine  the  precise 
theoretic  form  of  the  curve  assumed  by  the  bent  column  under  its 
side  load  alone,  this  curve  depending  on  the  disi^osition  of  the  load. 

In  practical  work,  however,  it  is  not  necessary  to  go  to  this  degree 
of  accuracy,  and  we  may  assume  the  curve  to  be  a  parabola,  without 
involving  any  serious  error,  and  the  justification  is  found  in  the  fact 
that,  had  we  assumed  the  side  load  to  be  concentrated  at  the  center, 
the  assumption  of  a  parabola  instead  of  the  precise  curve  taken  by 
the  bent  column  would  only  involve  an  excess,  as  regards  its  influence 
on  the  deflection,  of  a  little  over  4  per  cent.  As  compared  with  the 
curve  produced  by  a  distributed  load,  the  parabola  would  have  a 
much  less  difference  than  even  that  named. 

In  order  to  make  the  comparison  between  the  column  with  side 
load,  and  one  of  ordinary  character  with  presumably  central  loading, 
it  will  be  necessary  to  treat  both  on  the  same  lines  as  far  as  possible, 
and  in  calculating  the  safe  dead  load  on  the  centrally-loaded  column, 
we  have  limited  the  maximum  fiber  stress  to  24  000  lbs.  per  square 
inch,  and  have  at  the  same  time  used  a  value  of 
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A' ^=  5^^2^  =  10  000  000  lbs., 


and  also  a  value  of 


3 

0.6. 


These  same  values  must  be  used  also  iu  the  side-loaded  columns 

as  regards  the  influence  of  the  end  loads  at  least. 

c  f 
The  value    of  — r-  =  0.6,  in  the  case  of  this  column  with  a  radius 

7'' 

of  gyration  =  1  in.,  corresponds  to  an  equivalent  eccentricity  of 
0.24  in.,  and  we  thus  have  a  column  with  an  initial  curvature  measured 
by  a  vei'sed  sine  of  v  =  0.174  in.  and  an  eccentricity  of  loading  e  ^ 
0.24  in.,  and  making  use  of  Formula  (3)  (with  iT  inserted)  to  deter- 
mine the  deflection  caused  by  difi'erent  values  of  the  end  load,  P, 
we  have 

8  {KE)  I—IPl^yx 

We  have  already  assumed  the  curve  of  the  bent  column,  from  both 
side  and  end  loads,  to  be  a  parabola,  and  the  values  of  2_yi  x^  and 

(2         5  \       5 
2   X   -^  X  ■tr)^"A''  ^^'^'  inserting  these  and  the 

values  of  the  other  factors  in  the  formula,  we  have : 


J  = 


p  X  10  000  (0.244-  \   X  0.174) 


0.462  P 
96  000  —  P 


(8  X  10  000  000  X  10)  —  (-1-  p  X 10  000) 

for  the  elastic  deflection  of  this  column  under  any  end  load  P. 


ins., 


TABLE  No.  4. 


P,  in 

poimds. 

A  = 

0.462  P 
96  000  —  P 

Bending  mo- 
ment from 
end  loads. 

M=P 
(0.414  -\-  A) 

inch-pounds. 

Maximum 
fiber  stress 

from  end- 
load  bending 

moments. 
Pounds  per 
square  inch. 

Direct  stress. 

f  -P. 

^<l~  a. 
Pounds  per 
square  inch. 

Maximum 

fiber  stress 

from 

side-load 

bending 

moments. 

Pounds  per 

square 

inch. 

Total 
maximum 
compress- 
ive fiber 

stress. 
Pounds  per 

square 

inch. 

30  000 
32  000 
34  000 
36  000 
3S000 
40  000 

0.21 

0.231 

0.253 

0.277 

0.303 

0.33 

18  720 
20  640 
22  680 
24  8H0 
27  240 
39  760 

4  680 

5  160 

5  670 

6  220 

6  810 

7  440 

3  000 
3  200 
3  400 
3  600 
3  800 
4000 

12  500 
12  500 
12  500 
12  500 
12  500 
12  500 

20  180 

20  860 

21  570 

22  320 

23  110 
23  940 
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The  bending  moment  at  the  center  of  the  column,  from  end  loads 
alone,  will  be  J/=  P  (e  +  r  +  J)  =  />  (0.24  +  0.174  +  J) 

=  P  (0.414  +  J)  ins.; 
and  now  calculating  the  deflections,  bending  moments,  and  resulting 
maximum  fiber  stresses  caused  by  the  end  loads,  and  combining  them 
with  the  maximum  fiber  stress  of  12  500  lbs.  caused  by  the  end  loads 
alone,  we  have  the  results  given  in  Table  No.  4. 

From  these  results  we  see  that  with  an  end  load  of  4  000  lbs.  per 
square  inch,  the  maximum  fiber  stress  reaches  the  limiting  value  of 
24  000  lbs.  per  square  inch,  and,  on  referring  to  Fig.  47,  we  find  that 
with  the  presumably  centrally-loaded  column,  under  the  same  basis  of 

calculation,  the  safe  load/,,  would  be  (for  the  ratio  —  =  100)  7000 lbs. 

per  square  inch,  or  in  other  words,  the  side  load  has  reduced  the  safe 
end  load  by  nearly  43  -per  cent. 

The  foregoing  calculations  will  serve  to  illustrate  the  proper  mode 
of  treating  the  conditions  met  with  in  side-loaded  columns,  although 
they  have  been  applied  to  a  column  of  such  projjortions  as  would  rarely 
be  trusted  to  carry  any  appreciable  amount  of  side  load  other  than  its 
own  weight. 

The  values  of  /,  r  and  c,  and  the  sectional  area  assumed,  are  roughly 
those  of  a  rolled  girder  section  12  X  5  ins.  X  33  lbs.  per  foot. 

The  formulas  were  deduced  by  the  writer  in  1896  and  1897,  for  use 
in  his  own  practice,  and  he  hopes  that  the  results  given  in  this  pajjer 
may  be  found  to  be  fairly  in  accordance  with  the  leading  ijrincijjles 
set  forth  in  the  opening  sentences  as  being  those  with  which  a  column 
theory  and  its  resulting  formulas  should  comj^ly,  at  least  from  the 
point  of  view  of  the  i)racticing  engineer  rather  than  that  of  the  jjure 
mathematician. 

The  question  of  the  proper  construction  of  columns  so  as  to  ensure 
the  full  development  of  the  strength  which  may  rightfully  be  expected 
from  any  given  section,  is  one  which  has  not  been  dealt  with  herein, 
although  it  is  certainly  of  the  greatest  importance,  in  view  of  the 
inferior  tyj^es  sometimes  adopted  in  pi-esent-day  practice. 

Of  these  inferior  types  the  writer  would  esijecially  draw  attention 
to  one  which  appears  to  be  in  more  common  use,  and  that  is,  the 
column  with  batten-plate  connections  between  the  main  members 
forming  the  column,  as  a  substitute  for  a  properly  constructed  web. 
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ami  a  refereui-o  to  the  ilhistrutious  of  tlu'  failure  of  a  bridge  in  Servia,* 
will  give  ample  eviJeuee  of  the  iuetticieuey  of  the  tyi)e.  Its  inferiority 
eannot  be  questioned  in  the  case  of  columns  carrying  eccentric  loads, 
or  having  to  resist  shearing  stresses  from  side  wind-loads  as  in  some  of 
the  lofty  buildings  constructed  in  America. 

The  writer  is  conscious  that  in  these  pages  thex-e  will  be  found  (and 
necessarily  so)  many  points  of  resemblance  and  identity,  both  in  views 
and  in  theii- expression,  with  the  contributions  of  others,  and  he  desires 
to  acknowledge  his  indebtedness  to  the  numerous  writers  from  whose 
papers  he  has  drawn  information  and  assistance. 

While,  from  a  strictly  mathematical  point  of  view,  objections  may 
possibly  be  raised  to  the  reasoning  and  results  in  this  paper,  yet  if  a 
close  comparison  be  made  with  more  highly  analytical  investigations, 
it  is  believed  that  the  differences  from  the  latter  will  be  found  to  be  of 
little  imjiortance  in  any  practical  sense. 

The  writer  was  impelled  to  attempt  the  deduction  of  new  formulas 
by  having  to  design  a  number  of  columns  to  carry  heavy  loads  with 
exceptionally  large  eccentricity,  for  which  condition  he  could  find  no 
theory  or  formulas  suflBciently  simple  and  easy  of  application  under 
varied  circumstances. 

The  concentration  of  such  a  large  mass  of  scattered  experimental 
evidence  will,  it  is  hoped,  be  of  sufficient  value  to  justify  the  labor 
involved  in  its  collection,  examination  and  arrangement  in  diagram 
form . 

*  Engineering,  February  3d,  1893. 
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DISCUSSION. 


Mr.  Jonson.  Ernst  F.  Jonson,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  author 
states  that  the  curve  of  flexure  of  a  column  of  uniform  cross-section 
and  elasticity  is  a  curve  of  sines  only  when  the  eccentricity  of  loading 
is  infinitely  small. 

The  writer,  therefore,  would  call  attention  to  the  fact  that  the  nature 
of  the  curve  is  in  nowise  changed  by  increasing  the  eccentricity.  Con- 
sidering the  line  in  which  the  external  forces  act,  as  the  axis  of  abscissas, 
the  bending  moment  is  still  proportional  to  the  ordinate.  Hence,  no 
matter  how  great  the  eccentricity  may  be,  the  curve  is  a  curve  of  sines, 
the  equation  of  which  is  

y  =  Dcos.-^-^ I 

where  ./•  is  abscissa,  y  ordinate,  D  maximum  ordinate,  r  radius  of  gyra- 
tion, w  load  per  unit  of  cross-section  area,  and  E  modulus  of  elasticity. 
For  maximum  iv 

D=^lli- II 

a  w 

where  a  is  distance  to  extreme  fiber  and  s  =  p  —  w  when  j^  —  ^i'  ^ 

t  -^  w,  or  =  t  -\-  w  when  p  —  iv^  t  -{-  u-,  p  being  the  proportional  limit 

in  compression  and  t  the  proportional  limit  in  tension. 

Hence, 

r^  s  X     \  w  ^^^ 

y  = cos.  — ^  \^f^ in 

^       aw  r\j  E 

If  y  is  given,  the  value  oi  e  =^  c  -{-  h,  c  being  the  equivalent  eccen- 
tricity, and  b  the  intentional  eccentricity,  x  becomes  the  length  of  the 
elementary  column,  /.  e. ,  the  column  fixed  at  one  end  and  free  at  the 
other.     We  have  then 

v^  s            I      \  xo 
c  +  6  = COS.  — ^    -=- IV 

a  V  r  \  E 

or  I  =^  r^    cos.~^  -r-  (c  4-  b) V 

\l  ic  r^  s  ^ 

Apart  from  its  mathematical  form,  the  foregoing  formula  differs  from 
that  of  the  author  in  that  it  makes  the  maximum  load  a  function,  not  of 
the  ultimate  strength  of  the  material,  but  of  the  jsropoi-tional  hmit. 
When  this  limit  has  been  passed  at  the  point  of  greatest  bending  the 
deflection  increases  very  rapidly,  owing  to  the  decrease  of  the  modulus 
of  elasticity.  If  the  eccentricity  is  very  small  a  very  small  addition  to 
the  load  wUl  produce  an  infinite  deflection.  If  the  eccentricity  is  larger, 
the  extent  to  which  the  column  may  be  strained  beyond  the  projior- 
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tioual  limit    also   becomes  larger.     Until  tliis    jioiiit   liiis   been    deter- Mr.  Jonson. 
luiutvl  we  must,  however,  regard  the  proportional  hmit  as  the  deter- 
miuiug  fac-tor  iu  ealeulatiug  the  strength  of  c-oluuius.     These  facts  are 
mentioned  hy  the  author,  but  he  fails  to  draw  tlie  conclusion  to  which 
they  point. 

The  author  argues  that  in  designing  a  column  it  is  necessary  to 
guard  against  two  totally  independent  modes  of  failure,  viz.,  failure 
by  excessive  intensity  of  fiber  stress,  and  failure  by  instability.  He 
accordingly  proposes  the  use  of  two  formulas  (7  and  2),  or  rather  two 
forms  of  one  formula,  the  second  being  nothing  but  the  sjiecial  form 
which  the  first  assumes  when  the  equivalent  eccentricity  is  reduced 
to  zero.  This  is  clearly  unnecessary.  If  a  column  is  strong  enough 
to  sustain  a  certain  load  eccentrically  applied,  it  is  also  strong 
enough  when  this  load  is  applied  exactly  in  the  axis  of  the  column. 

In  Fig.  4:6,  the  curve  of  Formula  (2)  falls  below  that  of  Formula  (7) 

when  —  >  88.     But  this  is  due  to  the  application  of  a  factor  of  safety 

to  £"  in  the  former  formula.  If  the  same  factor  of  safety  had  been 
Applied  to  E  in  both  formulas,  Curve  2  woiild  always  have  been  above 
Curve  7. 

The  formula  here  given  was,  as  far  as  the  writer  knows,  fii-st  applied 
to  experimental  resiilts  by  A.  Marston,  Assoc.  M.  Am.  Soc.  C.  E.  Mr. 
Marston,  the  same  as  the  author,  proposes  a  constant  value  for  the  rela- 

(Z  c 

tion  — .  This  implies  that  a  short  column  is  more  likely  to  be  imper- 
fect than  a  long  one. 

It  seems  to  the  writer  that  the  amount  of  imperfection  iu  a  column 
ought  to  be  iDroportional  to  the  length,  hence,  since  the  effect  of  imj^er- 
fection  is  also  as  the  length,  the  equivalent  eccentricity  ought  to  be  pro- 
portional to  the  square  of  the  length  of  the  column. 

'Sovr,  if  /-  were  introduced  into  the  cyclometrical  function  of  the 

formula,  it  could  not  be  solved  conveniently.     We  will,  therefore,  sub- 

1                                      ?•'  k 
stitute  the  value  -,  thus  making  c  := ,  where   k  is  the  empirical 

a-  '^  a  ic  '■ 

constant,  the  coeflScient  of  imperfection,  and  consequently  Equation  Y 
Taecomes 

1^7-       —  COS.        r_^-_^^_] YI 

>^  »•  \s    '     r-  s  / 

How  this  conclusion  agrees  with  experience,  may  be  seen  from  Table 
No.  5,  which  shows  the  coefficient  of  imperfection  of  some  of  the  round- 
ended  wrought-iron  columns  tested  by  Mr.  James  Christie.  This  table 
seems  to  show  that  we  come  much  nearer  the  truth  by  assuming  k  to  be 
a  constant  than  when  we  make  it  a  variable,  proportional  to  w.  A  very 
close  agreement,  of  course,  cannot  be  expected 


434 


Mr.  Jonson. 


DISCUSSION    0]S"   THE    PKACTICAL   COLUMN. 
TABLE  No.  5. 


No. 


221 
222 
218 
220 
214 
219 
215 
210 
205 
224 
216 
211 
a06 
200 
217 
201 
207 
212 


I 

k. 

r 

44 

5621 

44 

4  430 

48 

7403. 
2170r 

63 

80 

8  209 
4  270 

81 

103 

1905-1 

113 

7  640 

129 

3772 

130 

634 

138 

1901 

145 

5  542, 

146 

834  " 

158 

—2166 

170 

10  882 

179 

2160 

186 

2193 

195 

—183  J 

Averages 
of  A:. 


4  507 


3  318 


No. 

1_ 
r 

k 

202 

229 

2  159"| 

213 

239 

9  164  1 

1667r 

—1  137  J 

i   208 

251 

,   225 

294 

227 

304 

-33-1 

228 

305 

2  244  1 

203 

306 

4  627!- 

209 

310 

9111 
—76 

204 

378 

2^6 

424 

7  873  1 

229 

456 

1083C 

Averages 
of  k. 


2963 

3  205 

4  478 


k  ^  (j)  — w)  COS. 


38  000,   ^=28  000  000. 


It  seems  to  the  writer  tliat  a  fractional  factor  of  safety  should  be 
applied  to  each  of  the  three  emi^irical  constants  in  the  formula,  viz. , 
E,  k  and  p  or  /.  Designating  this  factor  by  K,  the  least  of  the  two 
values  K^p  —  w  and  K^t  -\-  w  hj  s^,  we  have  the  formulas  for  columns 
of  uniform  cross-section  and  elasticity  in  their  final  form. 

One  end  fixed  and  one  end  free : 


Central"  load: 


/ 


Xx  E 


COS." 


k 


r       \^     w  K2  si 

Eccentric  load ; 


I  =  r 
Both  ends  hinged 


K,  E 


_i   /A'  ah  ti}\ 


"  Central "  load; 


/ 


=  2 


K^E 


Eccentric  load; 


I  A^  Los.-i  JL  -H  cos.-i  f^-  +  ^il^)~| 


l=r. 


One  end  fixed  and  one  end  hinged : 

"  Central "  load; 


-  =3 


\        10 


k 
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Eccentric  load; 

/ 

Both  ends  fixed : 

COS. 


lA',  it' n  _        k  _.    /    k       ,    ahw^~~\ 

r 2  CDS.         '    -J^ +  COS.        '     (   -jy: \-        .,         ) 


Mr.  .lorison. 


Both  ends  tlat : 


/         .      |A',  E 
r  ^     JO 


For  tension 


_k 


1=4     1^1^ 
r  \    IV 


TO  *  A%    H'' 

For  compression  :  Same  as  both  ends  fixed. 

C.  T.  PuKDT,  M.  Am.  Soc.  C.  E. — This  is  an  extremely  practical  Mr.  Purdy. 
subject  for  engineers  -who  have  many  columns  to  dimension  or  design. 
In  the  Astoria  Hotel  there  are  about  3  600  separate  columns,  each  of 
which  had  to  be  especially  considered.  Ten  minutes  given  to  each 
would  require  600  hoiu's  for  all  of  them.  In  the  speaker's  practice 
every  column  is  analyzed;  if  there  are  eccentric  loads  the  exact  efi"ects 
must  be  determined,  and  it  is  therefore  important  that  the  methods 
should  be  such  as  will  secure  the  greatest  amount  of  work  in  the  least 
possible  time. 

Very  few  who  write  regarding  column  designing  realize  or  appre- 
ciate the  imi)ortance  of  eccentricity  of  loading.  The  speaker  does  not 
refer  to  bridge  designing  so  much  as  to  building  work.  Most  of  the 
columns  in  buildings  are  short,  and  therefore  the  element  of  eccentric 
loading  becomes  the  more  important  one.  The  eff'ect  of  the  direct 
load  in  such  columns  is  mostly  a  crushing  strain,  while  the  element  of 
bending  is  of  least  imiaortance.  The  eflfect  of  eccentricity  is  rarely 
lacking,  for  an  even  loading  is  exceptional.  From  the  jjractical  point 
of  view,  therefore,  the  sjieaker  believes  that  the  author's  first  state- 
ment is  the  most  notable  one  in  the  paper. 

There  is  great  need  for  a  thorough  series  of  experiments  on  eccen- 
trically loaded  columns,  but  the  task  is  too  great  to  be  undertaken  by 
a  private  engineer.  So  far  as  the  speaker  knows,  only  two  practical 
tests  of  eccentrically  loaded  columns  have  been  made. 

■WHiLiAM  Cain,  M.  Am.  Soc.  C.  E.  (by  letter). — This  is  a  valuable  Mr.  Caiu. 
paper,  not  only  for  a  very  clear  presentation  of  the  theory  affecting  the 
practical   column,    but   for  the   numerous   diagrams   comparing    the 
theory,  supposed  to  apply  to  crippling  loads  approximately,  with  the 
results  of  1  789  tests  of  columns  by  various  experimenters. 

Assuming  the  neutral  line  of  the  column  under  eccentric  loading 
to  be  a  i^arabola,  the  author's  equations  (5),  (7)  and  (8),  follow 
logically.  The  writer  has  called  attention*  to  the  propriety  of  using 
the   parabola    api^roximately,    for    the   neutral    line,    by    comparing 

results  with  the  exact  formula  and  finding  them  identical  when  —  was 

*  "  Theory  of  the  Ideal  Column,"  Transactions,  Am.  Soc.  C.  E..  Vol.  xxxix,  p.  130. 
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Mr.  Cain,  small.     The  agreement  is  still  more  plainly  seen  when  the  author's 
equation 

^  ^  8Ei—%pr  ■  ■ ^^' 

for  the  deflection  at  the  center  of  the  column  pivoted  at  the  ends, 
from  the  primitive  axis,  is  compared  with  the  exact  result  for  a 
prismatic  homogeneous  column,* 


1       /       '      /* 
Putting  9  =  —  —    I  ,  the  develoj^ment  of  sec.  S  for  those  values 

of  —  that  give  a  converging  series,  is  found  by  the  difierential  calculus 


to  be 


Sec.e  =  i  +  44-i^^+^e«  + 


On  neglecting  G®  and  higher  poAvers  of  6,  the  last  formula  gives 
approximately, 

8      r2^^L48     r2     Ae] 
which  is  sensibly  correct  when  9  is  a  comparatively  small  fraction, 
and  incorrect  othervrise. 

But  this  is  exactly  equal  to  Equation  (2),  if  the  numerator  is 
divided  by  the  denominator  in  the  right  member  and  the  division 
carried  out  to  two  terms. 

Hence,  the  assumjjtion  that   the  neutral  line  is  apjiroximately   a 

parabola  for  small  values  of  —  is  again  proved.     The  result  is  a  closer 

approximation,  likewise,  than  that  given  in  "Theory  of  the  Ideal 
Column"  where  the  writer  neglected  terms  containing  G*  and  higher 
powers  of  G. 

Of  course,  the  aiJjjroximate  development  for  J  could  not  be  used 

for  most  of  the  values  of  — ;-  given  on  the  author's  diagrams,  and  it 

cannot  be  utilized,  therefore,  in  deducing  the  equivalents  of  (7)  and 
(8);  in  fact,  there  would  be  no  gain  in  doing  so,  as  the  author's 
formulas  are  briefer  than  the  results  corresponding. 

The  most  compact  formula  is  the  exact  one  given  by  Ernst  F. 
Jonson,  Assoc.  M.  Am.  Soc.  C.  E. ,  and  which,  adopting  the  author's 
notation,  is, 

/ 


-41--' (^^) 


*  See  Mr.  Marston's  Formula  (1);  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  113. 
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where/,,  =  (F,.  — /,,)  for  the  extreme  fiber  ou  the  concave  side  and  Mr.  Cain. 
/,,  —  (  —  F,  -\-/,,)  for  the  extreme  fiber  ou  the  convex  side,  F,  being 
-)-  when  compressive,  —  when  tensik^  (p'^Rt'  350). 

Recurring  now  to  "the  api)lication  of  the  formuhis  in  practice" 
(page  41-t),  there  is  room  for  diflFerence  of  opinion  as  to  basing  the 
factor  of  safety  on  the  lower-limit  curves  of  the  diagrams,  especially 
where  the  lower-limit  curves  pass  below  all  the  plotted  ])ositions  as 
given  by  experiment. 

If  very  small  factors  of  safety  areiised,  then,  undoubtedly,  the 
lower-limit  ci\rves  should  give  the  basis  for  the  formulas  to  use  in 
practice,  or  disaster  might  follow  on  increasing  the  loads,  as  the 
column  in  question  might  have  a  crippling  strength  near  that  given 
by  'the  lower-limit  curve.  Thus,  if  the  factor  of  safety  was  2  and  the 
loads  were  eventually  doubled  (as  has  happened  on  a  number  of 
railways  in  this  country  in  the  past),  the  column  would  certainly  be 
regarded  as  dangerous  if  the  factor  2  was  based  on  the  average  curve 
passing  somewhat  centrally  through  the  points  on  the  diagram  given 
by  experiment. 

But  if  the  factor  is  4  or  5,  it  seems  safe  to  take  the  average 
curve,  even  if  the  loads  are  to  be  doubled  in  twenty  or  thirty  years. 
Some  of  the  columns  will  thus  have  factors  of  safety  above  that 
given  and  others  below;  so  it  woiild  seem  that  the  greatest  economy 
should  be  secured  by  basing  the  safe  curve  upon  the  average 
curve. 

If  there  is  any  merit  in  this  contention,  then  the  objection  is  more 
marked  when  for  flat-ended  columns  "the  curve  indicating  the  load  at 
which  tensile  stress  commences  "  falls  far  below  the  results  for  experi- 
ments, as  in  some  of  the  diagrams.  In  fact,  failure  does  not  begin  for 
such  a  load  for  any  given  column.  The  case  is  similar  in  one  respect 
to  the  voussoir  arch  without  mortar  joints,  when  the  line  of  the  centers 
of  pressure  falls  outside  the  middle  thkd.  No  tension  is  exerted  on  a 
joint  where  this  occurs,  but  the  comjiressive  stresses  are  distributed 
according  to  a  uniformly  increasing  law,  and  the  material  may  be 
strong  enough  to  withstand  the  maximiim  stress  induced.  Similarly, 
in  the  column,  where  the  resultant  force  is  not  too  near  the  edges  of 
the  end  sections,  the  maximum  stresses  in  the  extreme  fibers  may  not 
be  too  great  for  strength  or  stability.  Some  allowance,  however,  should 
be  made  here  for  such  cases,  and  the  results  of  experiments  should  be 
the  main  guide. 

Joseph  Mayek,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  contains  Mr.  Mayer, 
a  valuable  collection  of  tests  of  columns,  and  is  an  interesting  effort 
to  derive,  by  means  of  mathematical  reasoning,  formulas  giving  the 
fiber  stresses  in  actual  columns. 

The  author  appreciates  the  necessity  of  introducing  emjjirical 
coefficients  in  his  formulas,  for  the  purpose  of  allowing  for  eccentricity 
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Mr.  Mayer,  of  loading,  initial  curvature,  etc.,  to  make  them  agree  with  the  tests. 
One  of  the  iiurposes  of  the  paj^er  is  to  find  formulas  or  curves  for  the 
ultimate  strengths  of  columns.  The  curves  obtained  deviate  very  far 
from  the  ultimate  strengths  of  shoii;  columns  shown  bj  the  tests. 
The  engineer  cares  most  for  the  strength  of  columns  of  a  length  of 
less  than  150  radii  of  gyration,  and  the  curves  of  ultimate  strength 
ought  to  be  approximately  correct  for  these  columns.  For  all  kinds  of 
steel,  wrought-iron  and  wooden  columns  it  is  jjossible  to  find  straight 
lines  which  agree  better  with  the  actual  ultimate  strength  shown  by 
the  tests  of  columns  of  less  than  150  radii  of  gyration  than  the 
author's  comi^licated  curves.  These  straight  lines  are  more  convenient 
for  use  and  more  easily  remembered. 

The  engineer  desires  to  use  dead  loads  jjer  square  inch  equal  to 
half  of  those  i^roducing  stresses  equal  to  the  elastic  limit.  For  very 
short  steel  or  wa-ought-iron  columns  the  elastic  limit  is  about  0.6  of 
the  ultimate  strength.  The  proper  dead  load  is,  therefore,  0.3  of  the 
ultimate  strength,  and  the  ultimate  strength  is  about  equal  for  tension 
and  compression.  For  longer  columns,  the  elastic  limit  and  ultimate 
strength  are  nearly  identical.  A  curve  which  starts  with  0.3  of  the 
ultimate  strength  for  columns  of  no  length  and  approaches  half  the 
ultimate  strength  of  long  columns  answers  the  j^urposes  of  the  engineer. 

.     A  straight  line,  of  the  equation  ?/  =  a  —  b  — ;-,  where  a  :=  0.3  of  the 

ultimate  strength  of  the  steel  or  wrought  iron  of  which  the  column  is 

made,  b  =  ^-— ,  will  give  the  proper  unit  strain  u  for  the  dead  load  of 

JiO\J 

columns  of  less  than  150  radii  of  gyration,  with  as  much  accuracy  as  the 
uncertainty  of  the  case  allows.  More  complicated  formulas  would 
only  be  justified  if  they  agreed  more  closely  with  the  tests  than  do 
these  simi^le  formulas,  which  is  not  the  case  for  columns  of  moderate 
length,  which  are  alone  used  in  practice. 

The   formulas  become,   therefore,   for  iron  14  000  —  56  —  ;  for 

medium  steel  18  000  —  72  — 

r 

The  usual  straight-line  formulas  for  timber  are  as  accurate  as  the 
author's  formulas.  While  the  writer,  therefore,  cannot  agree  with  the 
author  in  his  conclusions,  he  highly  appreciates  the  services  rendered 
by  the  latter  in  collecting  the  tests  and  presenting  his  views  in  such  a 
lucid  and  simple  manner. 
Mr.  Frj'e.  Albert  I.  Feye,  M.  Am.  Soc.  C.  E.  (by  letter). — The  author's 
assumption  that  a  deflected  column  will  assume  a  parabolic  curve 
w^hen  subjected  to  an  eccentric  loading  is  fairly  correct  and  allow- 
able. It  will  be,  as  he  states,  somewhere  between  a  curve  of  sines 
and  a  circle,  depending  on  the  amount  of  eccentricity. 
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The  writer  foiiuil,  several  years  .  Mr.  Frye. 

ago,  that  for  a  beam  loaded  with 
a  parabolic  load    W,  iu   Fig.  53,  T 
the    bendiug    moments    and    the 
deflections   will    be    nearly    pro- 
portional   to    the    sines    of    the   p 
respective  angles;  the  ends  of  the    ' 
beam   corresponding   to    0-,    and 

the  center  of  the  beam  to  90^.     From   this   he  obtained   practically 
Euler's  formula, 

n-  E  I 


Fig.  5.3. 


P  = 

This  demonstration  is  as  follows: 


V 


Let  Tr  =  total  weight  on  the  beam; 

Wg  =  weight  to  left  of  section  considered; 
B   =  maximum  intensity  of  load; 

'    c   =  half  span    =  ^; 

X  =  distance  from  end  to  section  considered; 
«(,  =  distance  to  center  of  gravity  of  load  to  left  of  section 
considered. 


c 

/ 


?<  {B  —  z)  d  u 


then. 


/ 


12  c-  —  12  c  -Y  +  3  X' 

12  c  — 4:  X 


(1) 


[B  —  z)  d  u 


and  when 


c 
W^^f     (B- 


X  =  C,    II a  =  gC 

5  (3  c  .^- 


z)  d  u  = 


^') 


3c^- 


■(2) 


and  when 


x  =  c,  Wo=  ^  B  c 


W 


Be 


.{2a] 


The  moment  at  any  section  distant  x  from  the  end  of  the  beam  equals : 

,,         2  ^            B  iScx'  —  x'^)    ,       ,  ,         . 

^4  =  3  5 c X ^— g^^ '-  {u„  +  X  —  c). 

Substituting  the  value  of  u,-,  in  (1)  and  reducing, 
B  (8  c^  x  —  4:C  x^  -f  x') 


M.= 


and  when 


c,  M 


12  c2 
_  _5_ 
~   12 


B6\ 


..(3) 
(3«) 
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Mr.  Frye.        The  angle  of  slope  of  the  deflected  beam  at  any  point  distant  x  from 
the  end  equals: 

i  =  -E7fMclx 

B 


4:C' 


12  c'  EI 
To  find  the  value  of  the  constant  I; 

V  =:  c,      i  =  0, 

B         /16  c 


*  +  t)  + 


when 
therefore, 

and 

when 


A-  = 


yQ^) 


B 


12  c'  E 


12  c2  E 
•^^  =  ^'     '--15   -El 


,         :r?  16  c5\ 


,.{4) 
,(4«) 


The  deflection  of  the  beam  at  any  point  distant  x  from  the  end 
equals : 

v=Jidx^^^^^^^il(^^^-cx^^^-^^dx 


B 


12  c^  E 


when 
and 

when 


12  c2  ^  / 

/4  c-  ./;^ 
/\     3 

c  =  0, 

B_/ 
2  EI\ 


c  X 


+  - 
^  30 


16  c"  X 


0  +  *. 


12  c 


.r  =  0,     V  =  Q;  therefore  ^j  =  0, 

B         /4  c"*  .r'^       <^  -^^   r    JHI  _  16  o^'c'^ 
r  "^  30  5      > 

61      jBc* 


3 

c, ,    r  = 


360     £/ 


..(5) 
,(5a) 


Dividing  the  half  span  c  corresjjonding  to  90^  into  six  parts  of 
15^  each,  and  calculating  from  (3)  the  bending  moments  at  each 
section;  calling  the  bending  moment  at  the  center  of  the  beam  unity,, 
and  likewise,  using  (5)  for  deflections;  calling  the  deflection  at  the 
center  of  the  beam  unity,  and  comj^aring  these  results  with  the 
curve  of  sines,  and  the  parabolic  curve,  gives  the  results  shown  in. 
Table  No.  6. 

TABLE   No.  6. 


0° 

15° 

30° 

45° 

60° 

75° 

90° 

Bending  monaents 

0 
0 
0 
0 

0.263 
0.2«2 
0.259 
0.306 

0.506 
0.501 
0.500 
0.556 

0.712 
0.707 
0.707 
0.750 

0.869 
0.866 
0.866 
0.889 

0.966 
0.966 
0.966 
0.973 

1 

Deflections 

1 

Curve  of  sines 

1 

Parabolic  curve 

1 
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It  will  be  seen  on  examiuatiou  of  Table  No.  G  that  the  bending  Mr.  Frye. 
moments  ami  the  deHeftious  rorrespond  very  neai-ly  with  the  cnirve 
of  sines  of  the  theoretical  deduction  of  Euler.  As  stated  V)y  the 
author,  the  actual  curve  will  depart  from  the  above  ideal  ui)on  the 
application  of  an  eccentric  load  on  the  column,  and  tend  to  conform 
more  closely  to  the  circle.  By  calculation,  the  writer  has  found  that, 
for  a  deflection  of  unity  at  the  center,  in  a  column  480  units  in 
length,  the  circle  and  the  parabola  are  practically  coincident.  This 
would  tend  to  show  that,  so  far  as  the  curve  of  the  column  is  con- 
cerned, the  assumption  is  on  the  basis  of  a  ])reponderance  of  eccentric 
loading,  since  the  latter,  taken  abstractly,  would  curve  the  cohimn 
to  the  arc  of  a  circle,  or  practically  a  j^arabola.  The  assumption, 
therefore,  is  on  the  side  of  safety. 

The  bending  moment  at  the  center  section  of  the  column — Equa- 
tions (3f/)  and  {2(i) — equals: 

=  M^^- (^) 

n  iM^=^^,then/=^^  (6«) 

The  deflection  at  the  center  section  of  the  column — Equations  {5a) 
and  (2a) — equals: 

61  B  c*  61     TK  c- 


360  EI  2i0     E I 

_         61     TF  Z^ 
~        3840    EI 


(7) 


From  (6«),  W  =  ^J^  ,  therefore  r  =  —  J^  '4^ {7a) 

^     '  5  I  i/  600  E  y 

Substituting  this  value  of  r  in  the  general  equation  3/  =  P  r,  and, 
omitting  the  minus  sign,  there  is  obtained: 

V  ~     61    //"    ~    61      1-'     ^' 

"600"  Ey 

-^  =  9.836,  whereas  n-  =^  9.87. 
61 

This  proves  that  a  lateral  parabolic  load  W  will  produce  practi- 
cally the  same  curvature  in  a  column  as  a  direct  concentric  load  P. 

The  paper  is  very  valuable  in  presenting  such  a  collection  of  tests, 
and  so  closely  interpreting  the  causes  of  failure. 
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J.  M.  MoNCEiEFF,  M.  Am.  Soc.  C.  E.  (by  letter). — The  precise  char- 
acter of  the  curve  assumed  by  a  bent  column  is  stated  in  the  paper  to 
be  a  matter  of  small  importance,  and  the  writer  will  go  further  than 
this,  it  is  of  no  practical  imj^ortance.  This  is  shown  clearly  in  the 
paper  in  the  comparison  between  the  formula  (Euler's)  for  an  ideal 
column  and  the  writer's  formula  based  on  the  assumption  that  the 
curve  is  parabolic. 

As  a  matter  of  fact,  the  irregularities  in  the  condition  of  the  mate- 
rial, and  in  the  conditions  usually  met  with  in  practice,  will  cause  the 
curve  to  be  neither  a  curve  of  sines  nor  a  jiarabola. 

Mr.  Ernst  F.  Jonson's  modification  or  transformation  of  Mr.  Mars- 
ton's  formula  does  not  remove  it  from  the  category  of  those  formulas 
which  are  awkward  and  inconvenient  to  use  in  practice. 

A  comparison,  in  actual  working  out,  between  Mr.  Jonson's  for- 
mula and  that  of  the  writer,  will  certainly  convince  anyone  that  the 
simplicity  of  the  latter,  in  practical  work,  is  very  much  greater,  and 
also  that  it  is,  in  every  practical  sense,  quite  as  correct.  There  is 
nothing  to  be  gained  by  introducing  unnecessary  mathematical  refine- 
ments which  have  little  or  no  influence  on  the  results. 

Mr.  Jonson  states  that: 

"  Apart  from  its  mathematical  form,  the  foregoing  formula  (Mr. 
Jonson's)  difiers  from  that  of  the  author  in  that  it  makes  the  maximum 
load  a  function,  not  of  the  ultimate  strength  of  the  material,  but  of  the 
proportional  limit." 

There  is  no  difference  between  the  formulas  in  this  respect,  as  each 
is  based  on  the  j^rimary  assumption  that  the  material  dealt  with  is 
perfectly  elastic. 

Mr.  Jonson  probably  means  that  he,  personally,  does  not  approve 
of  taking  the  maximum  load  to  be  a  function  of  the  ultimate  strength 
of  the  material. 

In  the  paper,  the  values  given  to  F,.,  in  making  the  comparison 
between  the  results  of  calculation  and  the  records  of  tests  carried  to 
ultimate  column  failure,  are  not  values  of  the  ultimate  compressive 
strength  of  the  material,  but  are  only  moduli  of  column  rupture  (see 
lines  18  to  28  of  page  369). 

The  writer  is  very  glad  to  have  Professor  Cain's  ai^preciation  of 
the  theory  of  the  paper  and  of  the  formulas  deduced  therefrom.  His 
suggestion,  that  the  greatest  economy  should  be  secured  by  basing  the 
safe  load  upon  the  average  tests,  however,  does  not  apjiear  to  the 
writer  to  be  a  rational  one. 

Reference  to  the  diagram  TFig.  34)  showing  the  tests  of  wrought- 
iron  flat-ended  columns,  will  show  that,  between  the  proportions  of 

—  =  40  to  490,  a  considerable  number  of  results  falls  close  to  the 

writer's  lower-limit  curves,  some  being  below  the  curves;  and,  unless 
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doubts  cftu  be  cast  upon  the  care  and  accuracv  of  the  experimenters  Mr.  Moncrieff. 
who  carried  out  tliese  tests,   it  must  be  recognized  that  the  lesson 
which  these  results  teach  is,   that,  in  columns  of  these  i)roportion8, 
greater  ultimate  strength  cannot  be  safely  counted  upon. 

Why,  then,  should  engineers  soothe  their  minds  with  the  hope  that 
the  strength  may  happen  to  be  considerably  higher?  No  economy 
can  result  from  such  a  procedure. 

The  writer  is  much  obliged  to  Mr.  OHauly  for  the  trouble  he  has 
taken  in  checking  over  some  of  the  computed  deflections.  The  results 
caused  the  writer  to  have  an  entirely  independent  check  made  of  the 
working  out  of  the  calculated  deflections,  and,  while  it  was  found  that 
Mr.  O'Hanly's  figures  could  not  be  entirely  accepted,  his  criticism  has 
resulted  in  several  errors  being  discovered  and  corrected.* 

In  reply  to  Mr.  Joseph  Mayer's  remarks,  the  writer  desires  to  dis- 
claim that  "  one  of  the  jnirposes  of  the  jjaper  is  to  find  formulas  or 
curves  for  the  ultimate  strengths  of  colutans."  The  writer's  puri^ose 
was  to  develop  a  j^ractical  and  simjDle  theory  of  column  strength 
under  central  or  eccentric  loads,  on  the  lines  stated  in  the  beginning 
of  the  paper,  and,  in  order  to  justify  the  theory  and  its  resulting  for- 
mulas, they  were  compared  with  the  results  of  j^ractical  experiment. 
The  results  of  the  comparison  scarcely  warrant  Mr.  Mayer's  criticism 
that: 

"  The  curves  obtained  deviate  very  far  from  the  ultimate  strengths 
of  short  columns  shown  by  the  tests.  The  engineer  cares  most  for 
the  strength  of  columns  of  a  length  of  less  than  150  radii  of  gyra- 
tion, and  the  curves  of  ultimate  strength  ought  to  be  ajsproximately 
correct  for  these  columns." 

Attention  is  called  to  the  diagrams  of  tests  of  the  materials  which 
are  in  most  common  use  to-day,  t.  e. ,  wrought  iron  and  mild  steel. 

Fig.  22;  Containing  all  the  Chief  Tests  of  Wrovght-Iron  Columns  with 
Round  and  Pivoted  Ends. 

At  -—  =  about  46,  lower-limit  curve  is  1  600  lbs.  per  square  inch  below 

lowest  tests. 
"76,  "  "  1100    "     per  square  inch  below 

lowest  tests. 
"    112,  "  "  900    "     per  square  inch  above 

lowest  tests. 
."    131,  "  "  1000    "     per  square  inch  below 

lowest  tests. 
"    145,  "  "  200    "     per  square  inch  above 

lowest  tests. 
"    170,  "  "  2  000    "    jjer  square  inch  above 

lowest  tests. 

*  This  refers  to  the  discussion  by  J.  L.  Power  O'Hanly,  M.  Am.  Soc.  C  E.,  which  was 
publisbed  in  Proceedings  for  August,  1900,  but  is  not  reproduced  here,  the  revision  of 
the  paper  making  it  unnecessary. 


444  DISCUSSION    ON   THE    PRACTICAL   COLUMN. 

5Ir  ^loDcrieflf.         Fir^.  24;  Eccentric  Loading  of  Wrought- Iroyi  Bars. 


From  ratio  —  =    44 
r 

to  ratio  —  =  342 


The  tests  are  included  between  two  curves 
which,  at  their  point  of  maximum  deviation, 
are  3  700  lbs.  per  square  inch  apart. 


Fig.  25;  Eccentric  Loading  of  Wrought-Iron  Bars. 
I  '\ 

From  ratio  -^  =    46  |  The  tests  lie  between  pairs  of  curves  which  are 

,  |-      only   600  lbs.   jDer  square   inch  aj^art  at  the 

to  ratio  —^  ^  183  1       maximum  jjoint. 

Fig.  26;  Tests  of  FLced-Ended  Wrought-Iron  Columns. 
For    —  =     43,  lower-limit  curve  is     400  lbs.  jjer  square  inch  below 

lowest  test. 
70,  "  "  200     "     jjer  square  inch  below 

lowest  test. 
105,  "  "  1  60O     "     per  square  inch  below 

lowest  test. 
131,  "  "  400     "     per  square  inch  below 

lowest  test. 
141,  "  "  1200     "     per  square  inch  above 

lowest  test. 
147,  "  "  2  500     "     per  square  inch  above 

lowest  test. 
175,  "  "  400     "     per  square  inch  above 

lowest  test. 
217,  "  '•  1300     "     jDer  square  inch  above 

lowest  test. 
221,  "  '*  1  400     *'     jjer  square  inch  above 

lowest  test. 
Fig.  34;  Containing  all  the  Tests  of  Flat-Ended  Wrought-Iron  Columns. 

In  this  diagram  the  lower-limit  curve  from  — •  =  40  to  —  ^=  490   gives 

r  r 

a  very  fair  line  for  the  lowest  tests  for  the  great  range  Just  mentioned. 

Between  —  =  40  and  —  =  150  there  is  one  test,  i.  e. ,  at  125  about, 
r  r 

which  is  3  600  lbs.  per  square  inch  below  the  writer's  curve,  and  there 
are  several  others  below  the  curve  between  40  and  150,  but  the 
maximum  of  these  is  2  500  lbs.  per  square  inch  below  the  curve. 

Does  Mr.  Mayer  mean  that  the  writer  has  overestimated  the 
ultimate  strength  of  these  columns  up  to  150  radii  in  length?  If  so, 
how  would  he  regard  the  estimate  of  strength  recommended  by 
Professor  Cain,  i.  e.,  the  average  of  all  tests,  which  would  be  very 
much  higher  than  the  writer's  curve? 

Fig.  38;  Coyitaining  all  the  Tests  of  Hinged- Ended  Wrought-Iron 
Columns.  — It  is  unnecessary  to  take  figures  for  this  diagram.    The  lower- 
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limit  curve  drawn  by  the  writer  runs  almost  through  the  whole  of  the  Mr.  Moncrieff, 
lowest  testa,  with  one  exception,  /.  e.,  that  at  —  =  107,  and  the  agree- 
ment is  not  only  for  tests  up  to  150  radii  in  length,  but  extends  from 
35  up  to  500. 

Fig.   39;   Containing  (ill  Tetniajers   Tests  of  Mil'l-Steel  Columns  with 

Pivoted  Ends. — From  —  •=  30  to  —  =  355,  the  writer  fails  to  find 

7'  Vi 

the  great  divergence  of  the  lower-limit  curve  from  the  tests,  referred 
to  by  Mr.  Mayer. 

Fiq.  40;  Flat- Ended  Mild-Steel  Columns.— From  —  =  25  to  —  =  325, 

r  r 

the  lower-limit  curve  drawn  cannot  truly  be  said  to  deviate,  to  any 
great  extent,  from  the  tests. 

Fig.  41;  Mild-steel;  Hinged  Ends. — Can  Mr.  Mayer,  or  any  other  en- 
gineer, draAV  through  these  tests  a  straight  line  which  will  be  a  fair 

guide  in  practice?    If  a  column  at  —  =  118  has  a  strength  of  45  000 

lbs.  per  square  inch,  why  should  another  column  at  —  ^   125   have  a 

strength  of  only  about  32  000  lbs.  per  square  inch? 

Why  should  columns  of  from  55  to  110  radii  long  be  credited  with 
the  strengths  shown  by  the  tests  on  this  diagram,  when  columns  very 
little  longer,  of  the  same  material  and  by  the  same  experimenter, 
exhibit  such  a  serious  and  sudden  drop  in  the  test  results? 

"What  straight  and  single-line  formula  can  give  a  rational  idea  of 
such  vagaries  as  these? 

Are  Mr.  Mayer's  straight-line  formulas  to  be  applied  to  columns 
with  pivoted  ends,  hinged  ends,  flat  ends,  or  fixed  ends,  indiscrimin- 
ately? 

The  idea  of  the  paper  was  to  give  a  general  theory,  with  simple  re- 
sulting formulas,  which  "  should  have  a  wide  range  of  application  to 
cover  the  conditions  met  in  engineering  practice." 

No  straight-line  formula  can  fulfil  this  condition,  or  be  apjjlied 
to  the  varying  cases  of  eccentric  loading,  or  to  cases  where  there  are 
side  loads  or  exceptional  forms  of  cross-section. 

In  conclusion,  the  writer  heartily  thanks  those  who  have  discussed 
the  paper  for  their  vei'y  kindly  expressions  of  approval. 


Vol.  XLV.  JUNE.  1901 


AMEEICAN  SOCIETY  OF  CIVIL  ENGmEERS, 

INSTITUTED     185  2. 


TRANSACTIONS. 


Note.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


No.    892. 


SOME  PECULIAR  RAILROAD  BRIDGE  ACCIDENTS. 
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Pkesented  Decembee  19th,  1900. 


WITH  DISCUSSION. 

Several  years  ago,  while  the  writer  was  Division  Engineer  of  Main- 
tenance of  Way  on  the  Houston  and  Texas  Central  Railway,  two  or 
three  accidents  happened  to  the  bridging  under  his  charge,  which  may 
possibly  be  of  some  historical  interest. 

The  first  bridge.  Fig.  1,  a  i^in-connected  Pratt  truss  over  Richland 
Creek,  of  128  ft.  7h  ins.  span,  was  built  by  the  Phoenix  Bridge  Com- 
pany, in  the  early  i^art  of  1887,  and,  as  in  all  similar  work  by  that 
comj^any  at  that  time,  the  j^osts  and  upjjer  chords  consisted  of  the 
old  closed  Phoenix  columns,  set  into  castings  at  the  jjanel  points. 

The  structure  was  at  the  foot  of  a  stiff  grade,  and  whOe  a  heavily 
loaded  freight  train,  moving  at  a  high  rate  of  speed,  was  passing,  a 
bale  of  cotton  became  dislodged  and  was  hurled  against  the  first  post, 
marked  "  A,"  Fig.  1,  with  sufficient  force  to  bend  it  13  ins.  out  of  line 
and  knock  it  clear  of  the  structure,  thus  leaving  the  truss  with  one 
of  its  main  members  missing. 

At  the  time  of  the  accident  the  structure  was  entirely  covered  by 
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the  train,  weighing  approximately  2  500  lbs.  iper  lineal  foot.  Contrary 
to  all  expectations  and  calculations  the  bridge  carried  the  remainder 
of  the  train,  consisting  of  about  twenty  loaded  cars,  across  in  safety, 
although  the  main  post  was  gone. 

That  there  was  a  tremendous  bending  moment  in  the  upper  chord 
was  shown  by  the  following:  As  quickly  as  jjossible  a  12  x  12-in.  stick 
of  timber,  cut  to  accurate  height,  was  fitted  between  the  upper  and 
lower  castings,  and  a  train  allowed  to  pass;  as  soon  as  this  train  had 
crossed,  it  was  found  that  the  ends  of  the  timber  were  so  badly  crushed 
that  it  was  unfit  for  further  service.  A  piece  of  ^-in.  jjlate  iron  was 
then  inserted  between  the  castings  and  the  timber.  This  did  good 
service  and  continued  in  use  until  the  original  member  had  been  taken 
to  the  shops,  thoroughly  repaired  and  replaced. 

In  the  case  of  the  Navasota  River  Bridge,  Fig.  2,  a  similar  structure, 
of  157  ft.  6  ins.  span,  the  two  posts  marked  "  B  "  and  "  C,"  the  former 
in  the  left,  and  the  latter  in  the  right-hand  trusses,  were  likewise 
destroyed  by  two  bales  of  cotton  falling  ofi"  the  same  train  in  opposite 
directions.  Again  the  train  crossed  safely,  the  same  steps  were  taken, 
and  the  posts  were  repaired  and  reiDlaced. 

In  both  cases  the  bridges  were  floored  with  8  x  10-in.  ties,  spaced 
at  16-in.  centers,  and  had  56-lb.  rails. 

There  was  another  interesting  occurrence  at  the  Trinity  River 
Bridge,  a  very  light  Whipple  truss,  of  130  ft.  span,  with  panel  lengths 
of  12  ft.  6  ins.,  built  in  1877  by  the  same  company.  The  writer  regrets 
that  he  has  no  diagram  of  this  structure.  The  only  idea  he  can  give  of 
its  frailty  being  the  statement  that  the  floor  beams  were  only  20  ins. 
in  dej^th,  and  the  track  stringers  7  x  14-in.  wooden  beams,  jjacked 
three  under  each  rail.  In  this  instance  part  of  a  carload  of  lumber 
fell  ofi"  and  struck  the  first  post,  permanently  bending  it  about  10  ins. 
out  of  the  vertical.  Several  very  heavy  trains,  both  freight  and  pas- 
senger, with  engines  weighing  105  tons,  passed  over  the  bridge  before 
the  accident  to  the  post  was  discovered. 

The  Richland  Creek  and  Navasota  River  cases  are  interesting  from 
the  fact  that  it  has  sometimes  been  argued  that  no  Pratt  truss  bridge 
would  stand  up  under  these  conditions,  and  the  writer  very  much 
doubts  if  it  would  if  the  connections  were  all  rigid.  If  it  did  stand  it 
is  quite  likely  that  the  structure  would  be  so  disturbed  that  a  good 
portion,  if  not  all,  would  have  to  be  replaced,  and  this  would  also 
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probably  apply  Ib  the  case  of  the  floor  beam  riveted  to  the  jjost  above 
the  chord. 

The  American  pin-connected  truss  has  become  famous,  the  world 
over,  and  why  American  engineers  should  now  incline  to  the  rigid  con- 
nections of  their  foreign  brethren  is,  to  say  the  least,  remarkable.  In. 
the  case  of  the  pin-connected  truss,  where  the  load  to  be  transmitted 
is  50  000  lbs. ,  it  is  known  that  it  must  enter  the  pin,  and  the  pin  be 
designed  accordingly,  but  in  the  rigid  connection,  with,  say,  a  shear  of 
5  000  lbs. ,  we  find  10  rivets,  two  are  thrown  in  for  good  measure,  making 
twelve  all  told;  these  are  distributed  two,  three,  two,  and  so  on.  Now, 
how  is  the  5  000  lbs.  distributed?  Does  each  rivet  carry  an  equal 
portion,  or  do  the  first  five  rivets  take  the  greater  part  of  the  stress, 
producing  secondary  stresses  which  will  eventually  destroy  the  use- 
fulness of  the  structure  at  a  much  earlier  date  than  would  the  old 
pin-connected?  At  the  hazard  of  being  considered  ancient,  the  writer 
has  ventured  on  the  above  remarks,  and,  while  not  decrying  modern, 
methods,  he  is  inclined  to  the  opinion,  that  there  was  considerable 
inherent  merit  in  the  designs  of  our  great  predecessors,  and  that  the 
design  of  later  bridges  can  be  seriously  questioned;  and  as  the  former 
has  stood  the  test  of  time,  he  thinks  that  it  might  be  as  well  to  hesitate 
somewhat  before  venturing  too  far  into  new  fields. 

The  writer  submits  the  foregoing  as  a  matter  of  history  and  to  show 
the  remarkable  performances  of  some  of  the  old  designs.  He  regrets 
that  he  has  not  the  time  to  enter  into  a  mathematical  demonstration  of 
cause  and  effect. 
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DISC  U  SSION. 


Joseph  Mater,  M.  Am.  Soc.    C   E. — The   i)in-counected   bridges  Mr.  Mayer, 
described  in  the    paper  had  a  remarkable  exi)orieufe,   aud  behaved 
certainly  mnch  better  than  their  most  enthusiastic  advocate  would 
venture  to  hope. 

It  is  a  curious  fact  that,  while  rigid  connections  are  becoming  the 
fashion  in  this  country,  they  are  abandoning  them  in  Germany.  The 
Rhein  Bridge,  in  Worms,  is  an  instance  where,  for  the  purpose  of  avoid- 
ing the  secondary  strains  due  to  the  loading  of  one  track  only,  and  the 
consecxuent  larger  deflection  of  one  truss,  the  floor  is  freely  susjiended 
from  the  trusses  above.  The  top  struts  are  practically  hinged,  and 
there  are  no  intermediate  vibration  bracings.  The  stringers  have  sliding 
connections  to  the  floor  beams  to  prevent  the  bending  of  the  latter. 

It  cannot  well  be  doubted  that  the  secondary  strains,  which  are  very 
large  in  some  members,  like  end  suspenders  and  vertical  posts  with  floor 
beams  riveted  between,  could  be  largely  reduced  or  altogether  avoided 
by  such  connections.  The  speaker  believes  that  the  movement  against 
hinges  which  is  now  in  vogue  in  this  country  will  be  abandoned  after 
trial  and  experience  of  the  large  secondary  strains  caused  thereby. 

Philip  Aylett,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — A  few^  weeks  Mr.  Aylett 
ago  there  occurred,  on  an  important  railway    system  traversing  the 
Southern  States,  one    of    the  most   remarkable   bridge   accidents   of 
which  the  writer  has  knowledge. 

This  disaster  occurred  at  the  crossing  of  the  railway  over  a  small 
stream  about  150  ft.  in  width,  and  with  an  average  depth  of  8  ft. 

That  portion  of  the  structure  over  the  channel  consisted  of  a  50-ft, 
half-through  girder  span,  while  on  the  east  and  west  approaches  there 
were  1  232  ft.  and  118  ft.,  respectively,  of  cypress  pile  trestling. 

The  spacing  of  the  girders  was  12  ft.  from  center  to  center  of  the 
webs,  and  the  cross-ties  or  floor  beams  were  of  12  x  12-in.  X  12-ft. 
pine,  resting  on  shelf  angles  riveted  to  the  webs  of  the  girders.  There 
is  a  heavy  ascending  grade  in  both  directions  from  the  river,  and  it  is 
presumed  that  trains  attained  a  high  rate  of  speed  in  crossing  the 
stream  in  order  to  facilitate  the  climbing  of  the  opposite  grade. 

The  girders  were  supported  by  three  pile-bents  (cypress)  under  each 
end,  each  bent  having  five  piles,  these  being  sawed  ofi"  and  cajsped 
with  two  (criss-cross)  layers  of  12  X  12-in.  timbers,  drift-bolted  to  the 
piling,  upon  which  the  girders  rested.  The  wooden  portion  of  the 
structure  had  recently  been  rebuilt,  and  the  girders  were  reported  to 
have  been  in  first-class  condition  and  amply  sufficient  for  any  traffic 
to  which  they  would  be  subjected. 

On  December  14th,  1901,  while  a  local  east-bound  freight  train, 
containing  38  cars  loaded  with  cross-ties,  lumber  and  naval  stores,  was 
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Mr.  Aylett.  crossing  this  stream,  and  after  tlie  engine  and  8  cars  had  crossed  the 
girder  span,  the  girders  were  suddenly  knocked  from  their  seats  by  the 
derailed  trucks  or  body  of  a  box  car,  the  ninth  car  from  the  engine,  this 
car  striking  the  end  of  the  down-stream  girder.  The  fall  of  the  span 
precipitated  27  of  the  following  cars  into  the  river,  breaking  down  the 
pile-bents  of  the  west  portion  of  the  trestle  until  the  wreckage  had  com- 
pletely filled  this  space  and  was  jailed  up  over  50  ft.  above  the  base  of 
rails.     A  flat  car  stood  vertically  at  the  summit  of  this  pile  of  Avi-eckage. 

The  box  car  which  struck  the  girder  became  derailed  some  250  ft. 
before  reaching  the  trestle,  as  was  indicated  by  the  flange  marks  on 
the  cross-ties,  and  the  car  was  leaning  well  over  to  the  right  when  it 
eeached  the  girder  span. 

Upon  striking  the  girder,  the  car  knocked  off  its  front  cross-beam  and 
lost  both  trucks,  and,  although  loaded  with  cross-ties,  passed  over  the 
opening  and  slid  60  ft.  beyond,  upon  the  undamaged  jjortion  of  the  trestle. 
The  caboose  and  one  car  stojsped  at  the  foot  of  this  mountain  of  wreckage. 

The  engine  with  eight  cars  i^assed  over  the  girders  safely  before 
these  were  struck  by  the  ninth  car,  which,  although  truckless,  followed 
closely  behind. 

Five  days  were  consumed  in  reopening  the  line  for  traffic,  and  it 
would  have  been  impossible  to  have  accomplished  it  in  that  time  had 
not  the  wreckage  been  burned  to  the  water  level,  while  fire  engines 
were  kejit  constantly  playing  upon  the  adjacent  undamaged  trestle. 
Even  after  the  wreckage  had  been  burned  to  the  water  level,  great 
difficulty  was  encountered  in  pile-driving  on  account  of  the  sunken 
timber,  barrels  of  resin,  etc. ,  the  bed  of  the  river  being  filled  almost 
solidly  with  debris  and  naval  stores. 

The  writer  has  always  been  of  the  opinion  that  "through  girders  " 
were  subject  to  damage  and  accidents  to  a  greater  extent  than 
"through  truss  spans"  in  the  case  of  derailments,  and  has  always 
been  ojjposed  to  that  abominable  practice,  so  much  resorted  to  in 
cheaji  through-girder  construction,  of  resting  the  ties  (or  floor  beams) 
upon  bottom  flanges,  or  angles  riveted  to  the  webs  of  the  girders  above 
the  bottom  flanges,  in  lieu  of  a  complete  floor  system  of  metal  floor 
beams  and  stringers  with  riveted  connections. 

In  this  case,  however,  the  cause  cannot  be  attributed,  in  any  direct 
way,  to  the  shelf-angle  construction.  The  writer  believes,  however, 
that  possibly  this  disaster  would  have  been  avoided  had  these  girders 
been  protected  by  inside  bridge  guards,  and  also  probably  avoided 
had  the  girders  been  sjjaced  further  apart. 

It  is  the  writer's  practice  to  sjjace  "through  girders  "  14  ft.  and 
over  between  centers  of  flanges  of  girders,  using  a  steel  floor  system 
with  riveted  connections,  all  through  girders  having  inside  guards. 

The  direct  cause  of  the  derailment  was  a  broken  flange  in  one  of  the 
wheels  of  the  ninth  box  car,  portions  of  this  flange  being  found  500  ft. 
from  the  west  end  of  trestle  approach. 
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WITH  DISCUSSION. 

Compass  Survey. 


The  method  of  adjustment  of  the  latitudes  and  departures  of  a 
compass  survey  by  Dr.  Bowditch's  rule,  distributing  the  error  in 
latitude  proportionately  to  the  lengths  of  the  sides,  and  similarly  for 
the  departures,  is  familiar  to  all  civil  engineers  and  surveyors. 

The  fundamental  principles  upon  which  it  is  based,  and  the 
assumption  "which  was  made  to  render  the  rule  simple,  are  not  so 
generally  known. 

The  main  steps  are  readily  traced.     The  latitude  equation  is 

L  =  I  COS.  B (1) 

•where  L  —  latitude,  I  =  length  of  side,  and  B  =  bearing. 

If  this  equation  be  differentiated  first  with  respect  to  /  and  then 
with  resi^ect  to  B,  it  will  give  the  effect  upon  the  latitude  of  a  small 
change  in  distance,  or  of  a  small  change  in  bearing. 


r;  =  r^',  cos.^  B  -{-  P  r^  sin.^  B (2) 
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Thus,  d  L'  =  dlcos.  B. 

d  L"  =  —  I  sin.  BdB. 
The  uncertainty,  or  error  as  it  is  usually  called,  in  latitude,  due  to 
the  combined  effect  of  an  uncertainty  in  distance  and  also  in  bearing, 
is  equal  to  the  square  root  of  the  sum  of  the  squares  of  the  effects  due 
to  each  separately,  where  positive  and  negative  errors  are  equally 
l^robable.  Thus,  if  r,  ^  the  error  in  distance,  rejDlacing  dl,  ?'g=  the 
error  in  bearing,  replacing  d  B,  the  corresponding  error  in  latitude 
squared, 

L 

For  the  departure, 

D  =  I  sin.  B (3) 

Differentiating  and  substituting  as  above, 

r^  =  r'l  sin.-  B  A-  ?■  r"  cos."  B (4) 

Dr.  Bowditch  assumed, 

r\  =  r-^  r'  =  Z  X  constant  =  /  C (5) 

which  reduces  equations  (2)  and  (4)  to 

r^  =  7-2  =Z  C (6) 

L  D  ^    ' 

i.  e.,  the  squares  of  the  uncertainties,  or  probable  errors,  in  latitude 
and  in  departure,  are  proi3ortional  to  the  lengths  of  the  sides. 

In  the  Method  of  Least  Squares  it  is  shown  that  the  most  probable 
corrections  will  be  those  the  sum  of  whose  squares  is  a  minimum  after 
each  correction  has  been  divided  by  its  probable  error;  i.  e.,  if  the  cor- 
rections in  latitude  for  the  different  sides  be  denoted  by  v^,  v.2,  v^. . . ., 
we  shall  have 

-y-  +  -^  +  -^  -f-  •  •  •  •  =  minimum. 

'l  '2  M 

Differentiating, 

^dT,+  ^dv,+  ^dv,+  ....=0 (7) 

Since  the  sum  of  the  corrections  must  equal  the  total  error  in  lati- 
tude with  its  sign  changed,  a  constant, 

Ti-\-t.  +  V_^-\-  ...  .   =k. 

Differentiating, 

dv^  +  dv.2-\-  rfrg  + =0 (8) 

Comparing  (7)  and  (8),  and  remembering  that  each  must  hold  what- 
ever the  number  of  sides,  or  r's,  we  have 
r-i  _    v.,  _    v.^  _ 

T~X-T" ^^ 
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i.  e.,  the  corrections  iu  latitude  are  proportional  to  the  lengths  of  the 
sides,  according  to  the  old  rule. 

The  same  demonstration  will  hold  for  the  corrections  in  departure. 

The  interesting  point,  in  this  connection,  is  the  assumption — 
Equation  (5) — made  by  Dr.  Bowditch  that  the  probable  error  in 
chaining  equals  the  probable  error  in  bearing  (in  ^-measure)  multi- 
plied by  the  distance,  and  increases  as  the  square  root  of  the 
distance. 

The  inaccuracy  of  chaining  is  usually  spoken  of  as  proportional  to 
the  distance,  but  in  comparing  the  different  lines  of  a  siirvey  measured 
with  the  same  chain,  the  square  root  of  the  distance  as  assumed  above 
is  more  nearly  correct.  Assuming  an  uncertainty  which  would  amount 
to  1  ft.  in  500,  which  is  not  unreasonable  for  compass  work,  we  would 
liave  from  (5) 

r^  =  l  =  V~500G    ;   or  e  =  0.0447, 

0.0447 
irom  which     r,  =:  0.0447  y  I     ;   r^  (in  minutes)  =  gin  i'    /y 

Substituting  for   different   distances   gives  the  results  shown  in 

Table  No,  1. 

TABLE  No.  1. 


Distance,  in  feet. 

Uncertainty  in  chaining,  in  feet. 

Uncertainty  in  bearing. 

10 

0.14 
0.33 
0.45 
1.00 
1.41 
2.00 

0°48' 

50 

0    21 

100 

0    15 

500 

0    07 

1  000 

0    05 

2  000 

0    03 

An  examination  of  Table  No.  1  will  show  that  the  assumption  is 
fairly  reasonable,  although  it  gives  too  great  weight  to  the  bearings 
of  long  lines,  and  perhaps  too  small  to  those  of  very  short  lines. 

The  method  is  thus  satisfactory  as  to  accuracy  and  simplicity  when 
applied  to  the  adjustment  of  a  compass  survey. 


Transit  Survey. 

In  a  transit  survey  proper,  no  bearings  are  taken  except  as  a 
check,  but  the  horizontal  angles  between  the  lines  are  measured.  In 
comijuting  latitudes  and  departures,  or  co-ordinates,  a  meridian  is 
assumed,    and   the   bearings   or   azimuths   are   computed    from    the 
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horizontal  angles.  The  bearing  of  the  first  line  from  the  meridian 
involves  only  one  angle;  that  of  the  second,  two  angles;  etc.,  one-half 
■way  around  the  figure;  the  bearings  for  the  other  half  being  more 
accurately  comjDuted  by  working  backward  from  the  meridian. 

Thus,  with  the  following  notes: 

Sta.  1.  Deflection,  M^  =  92^  0'  R. 


2.  J/,  =  46     0  R. 

3.  J/3  =  82    0  R. 

4.  M^  =  51  57   R. 

5.  3/3  =  88    0  R. 
Assume  5  —  1  as  a  meridian  (Fig.  1) 

Bearing,  B^  =  180  —  3/^ 


Distance,  l^  =  236  ft. 

^  =  244     1 
4  =  324 
li  =  183 
L  =  437 


=  S.880  00'  E. 

B^  =  By  —  M^  =  180  —  (.¥1  +  M-i)  =  S.42    00  E. 

5,  =  M^  —  ^2  =  J/i  -\-M.,  +  3/3  — 180^  =  S.  40    00  W. 

=  180°  —  (3/5  +  Mj  =  S.40    03  W. 

B,  =  Mi  =N.88  00  W. 

The  discrepancy  in  angle  work  is  thus  thrown  into  the  difference 
between  the  bearings  of  the  two  lines  meeting  at  3,  and  would  not 
be  properly  distributed  by  the  compass  method  of  adjustment.  If 
the  deflections  were  first  adjusted  to  close  the  figure,  the  compass 
survey  method  would  allow  the  inaccuracy  of  the  chaining  to  change 
the  adjusted  angles  without  giving  proper  weight  to  the  accuracy  of 
angle  measurement. 

There  is  thus  no  reason  to  assume,  as  appears  to  have  been  almost 
universally  done,  that  because  the  Dr.  Bowditch  rule  gives  a  close 
adjustment  for  a  compass  survey,  it  vrill  do  so  for  a  transit  survey. 

Theoretically,  there  are  three  equations  which  must  be  satisfied  ia 
adjusting  the  observed  quantities: 

(a)  The  sum  of  the  interior  angles  must  equal  twice  as  many 

right  angles  as  the  figure  has  sides,  less  four. 

(b)  The  algebraic  sum  of  the  latitudes  must  equal  zero. 

(c)  The  algebraic  sum  of  the  departiires  must  equal  zero. 

The  Method  of  Least  Squares  requires  that  the  corrections  must  be 
such  as  to  satisfy  the  above  conditions,  and  make  the  sum  of  their 
squares,  each  square  being  divided  by  the  square  of  its  probable 
error,  a  minimum.  Since  each  bearing  must  be  expressed  in  terms  of 
the  measured  angles,   and  the  number  of  measured  angles  in  each. 
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varies  from  one  to  oue-balf  the  number  of  sides,  the  labor  involved  i» 
too  great  for  the  adjustment  of  an  ordinary  transit  survey. 

In  ordinary  work  the  proliable  error  of  an  angle  need  not  exceed  1 
minute,  if  care  is  taken  in  setting  over  the  points  and  in  plumbing  the 
flag  poles,  using  tacks  on  the  stakes  for  all  lines  of  less  than  300  ft., 
swinging  without  delay  from  the  back  sight  to  the  front  sight,  and 
lining  in  a  "range  "  point  to  swing  from  for  all  hues  of  less  than  50  ft. 
"With  these  precaiitious,  the  probable  error  need  not  increase  with  the 
shortness  of  the  line,  as  with  the  compass. 

On  very  rough  ground,  or  in  going  through  brush,  where  the  flag 
pole  is  partly  hidden,  it  may  be  difficult  to  keep  the  probable  error 
below  2  minutes ;  while,  for  careful  work,  the  probable  error  can  be 
readily  kept  within  h  minute. 

For  good  work  the  length  of  sight  should  be  limited  to  about 
1  200  ft. 

Ordinarily,  it  will  be  more  difficult  to  measure  distances  to  1:500 
than  angles  to  minutes,  while  an  accuracy  of  1  : 1  000  is  seldom  reached 
except  on  level  ground  or  for  city  work. 

The  accuracy  of  angle  work  is  thus  considerably  greater  than  that 
of  chaining,  1  minute  in  angle  giving  0. 15  ft.  in  500  as  compared  with 
1ft.  in  chaining;  or,  0.5  minute,  0.15  ft.  in  1  000,  as  comj)ared  with  the 
1  ft.  due  to  the  naore  accurate  chaining. 

On  this  account,  it  will  be  admissible  to  first  adjust  the  angles  to 
close  the  figure,  then  comijute  the  bearings  or  azimuths  and  assume 
them  to  be  correct  in  the  final  adjustment. 

This  leaves  only  the  two  conditions: 
{b)  Sum  of  latitudes  equal  zero, 
(c)  Sum  of  departures  equal  zero. 

That  is, 

^1  cos.  B^  +  I,  cos.  B.,  +  Z3  COS.  Bo  +  =  0  ) 

l^^  sin.  5^  -f-  h  si°-  ^2  +  ^3  ^i"^-  -^3  + 


=  0} '"> 


where  the  total  corrections  are  to  be  apjjlied  on  the  basis  of  inaccuracy 
in  chaining. 

In  order  to  derive  these  corrections  on  the  basis  of  least  squares, 
denote  the  observed  distances  by  M^,  M.^,  J/3,  .  .  .  ,  and  the  required 
corrections  by  v^,  v.^,  to,    .    .    .     The  corrected  distances  will  be 

h  =  -^A  +  ^'i,   4  =  ^^2  +  ^2.   h  =  -^^3  +  ^3  •  •  • 
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Substituting  in  (10), 

(Ml  +  Wi)  COS.  Bi  +  (3/,  +  ^9)  COS.  ^2  +  •  •  •     =0 
[Ml  +  vj)  sin.  5i  +  (J/2  +  ?)2)  sin.  ^2  +  .  .  .     =  0,  or 
Vi  COS.  5i  -|-  V2  cos.  ^2  +  t^a  cos.  ^3  +  .  .  .  +  5,  =  0  ) 
t'l  sin,  5j  -f  ?72  sin.  ^2  +  v^  sin.  ^3  +  .  .  .  +  $2  =  ^  ) 
where 

^1  =  M^  COS.  J5i  +  M.2  COS.  ^2  +  3/3  cos.  ^.j  +  .  ,  .  =  error  in  latitude, 
52  =  -^1  sin.  5i  +  J/2  sin.  JB2  +  J/3  sin.  ^3  +  .  .  .  =  error  in  departure. 
For  convenience,  change  (11)  to 


..(11) 


^x|  +  ^.|+^3f    +   ...+..=0l 


A  ,      A  ,      A 


^   (12) 


•where  L^,  L2,  .  .  .  ,  A'  A>  •  •  •  »  denote  latitudes  and  departures. 

Aside  from  (12)  we  must  also  have  v^^  -}-  v.,^  -\-  v^~  -{-  .  .  .  a,  mini- 
mum, for  equal  accuracy  in  chaining  the  different  lines;  or,  if  the  ac- 
curacy in  chaining  be  assumed  to  decrease  as  the  square  root  of  the 
distance, 


2 


,    +  -^  -f  —  4- .  .  .  =  minimum. 
n         h         ''i 


Differentiating, 


-j^dv,-^--j^dv,  +  -^dv,  +  .  ..=0 (13) 

If  the  dv's  were  independent,  their  coefficients  would  have  to  sep- 
arately  equal  zero  for  (13)  to  hold  true.  But  the  v's  are  connected  by 
(12).     Differentiating  (12), 

^  dv,-{-^  dv,  +  hdv,+  ...=o\ 

''  -  ■'  y (U) 

^dv,  +  ^-dv,+  ^dv,^...  =  0   ^j 

If  we  eliminate  a  dv  in  (13)  for  each  of  (14),  the  remaining  dv's  will 
"be  independent,  and  hence  their  coefficients  will  sejjarately  equal  zero. 
This  elimination  is  best  done  by  the  method  of  indeterminate  multi- 
pliers, i.  e.,  multiply  the  first  of  (14)  by  x,  the  second  by  y,  and  (13) 
by  —  1,  and  add. 

Now  give  X  and  y  such  values  that  the  coefficients  of  two  of  the  dv's 
Tvill  be  zero,  thus  eliminating  them.     The  remaining  dv's  will  be  inde- 
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pemlont,  aud  honco  their  coofficieuts  will  be  zero.     This   makes   the 
coefficients  of  all  the  dr's  iu  (15)  equal  zero,  giving 


,.  ^1     ■    „  -Oi        V 


/. 


+  .V   , r-  =  <> 


1 


^t  +  ^t-r^M 


(16) 


a;—  +i/-r  —  -r-  =  0 


To  find  x  and  ?/,  multiply  the  tii-st  of  (16)  by  i„  the  second  by  L.^, 
,  and  add ;  then  by  Dj,  D.,,  .  .  .  ,  and  add ;  then  by  (12) 


^,  as  usual,  denoting  the  siammation  of  a  number  of  similar  tenns. 


(17) 


Solving, 


y  = 


.(18) 


Substituting  in  (16), 


■2^2      =  L^  X  +  Dj  J/ 


Adding, 
Also, 


:2  {v)    =  X  2  (L)  +  y:S  (D),  =  0,  nearly. 


J 


.(19) 
(20) 

.(21) 


A 


J 


with,  by  (17),  2{y^)=-  —  qx  and  2  {v^)  =  —  ?o. 


.(22) 
(23) 
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Practical  Applications. 


Having  adjusted  the  transit  work,  or  the  angles,  to  geometrical  con- 
sistency, by  distributing  the  small  error  of  closure  equally  among  the 
angles,  and  having  computed  the  co-ordinates,  Formulas  (18)  to  (23) 
give  the  method  of  adjustment  of  the  co-ordinates  and  of  the  measured 
sides  by  least  squares.  In  deriving  these  formulas  the  assumption 
made  by  Dr.  Bowditch,  that  the  inaccuracy  in  chaining  increases  as 
the  square  root  of  the  distance,  has  been  retained.  The  application  is 
quite  simjile,  as  all  the  terms  are  made  up  from  the  latitudes,  de- 
partures and  distances  already  entered  upon  the  co-ordinate  sheet, 
while  the  multiplications  and  divisions  can  be  made  with  the  ordinary 
slide  rule,  retaining  only  three  figures. 

In  order  to  equalize  numbers,  so  as  to  retain  the  same  number  of 
decimal  places  throughout,  100  I  is  used  in  place  of  I  in  (18),  and  the 
change  carried  through,  as  follows : 

(  LD\  ^   {  !?■ 


y  = 


g^^  (ro)-g^^  (loo-/ ) 
Vioo  //      Vioo  // 


^  Vioo 


'^■'  ^  (mr) 


;) 


^  \ioo iJ^  Vioo//     ^  Vioo/y 


(18)' 


A.-  I 

100^    I 


^(r)=.r'^ 


(L) 


(D) 


100  '^^'  ^  100 


_  A_     _  Ll_ 


h  ""'"  i(yoh''  +"1007; -^ 


imi, 


■'  +100/,  ^ 


""^i"    1,    "■'  ~  lOOT  "^  "^  100^  ^ 


^  (^i)= 


.(19)' 
.(20)' 

.(21)' 

(22)' 
(23)' 
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With  the  following  notatiou: 

.*•'  auil  v'  may  he  called  auxiliaries; 

9,  =  error  iu  latitude; 

q-y  =  error  in  departure; 

Ly,  L,,  L^,  .  .  .  ,  =  latitudes  of  sides  /,,  I.,  l^,  .  .  .  .  ; 

Dy,  D.,,  2)3,  .  .  .  ,  =  departures  of  sides  l^,  I,,  l^,  .  .  .  .  ; 

2  denotes  the  summation  of  a  number  of  similar  terms; 

r,,  r_„  r^,  .  .  .  ,  =  corrections  to  sides  /^  I.,,  l^,  .  .  .  .  ; 


'"£,'  '"w  ^ 


'  «-, 


i),,'  '^/J, 


corrections   to   latitudes 


and  departures,  resi:»ectively. 

The  ajiplication  of  the  method  is  best  shown  by  a  problem. 

TABLE  Xo.  2.  — Problem  from  Data  Previously  Given. 


Station. 

Deflec- 
tion to 
thei?. 

Cor- 
rec- 
tion. 

Azimuth. 

Dist. 

Latitude,  L. 

Depaktuhe,!) 

i= 

D' 

LD 

-r 

- 

+ 

_  « 

100  i 

100 1 

1001 

1 

2 

3 

4 

92^00' 
46    00 
82    00 
51    57 

88    00 

-I-0.6' 
0.6 
0.6 
0.6 
0.6 

92°  0.6' 
138    1.2 
220    1.8 
271  59.4 
360    0.0 

Totals . . . 

2.36 
244 
.324 
183 
437 

437.0 

8.3 
181.4 
248.1 

235.9 
163.2 

268;4" 
182.9 

0.0 
1.35 
1.90 
0.0 

2.36 

1.09 
1.38 
1.83 
0.0 

—0.08 
-1.21 
-fl.60 
—0.06 

5 

0.0     4.37 

0  0 

359   57 

3.0 

443.3 
437.8 

437.8 

92 

399.1 
391.3 

391.3  '  7.62 

6.66 

+0.25 

9i 

=-1-5.5 

=+7.8 

The  observed  angles  foot  up  3  minutes  too  small.  To  each  angle 
•0.6  minute  is  added,  and  the  azimuths  computed  with  5-1  as  an  axis. 
The  latitudes  and  departures  are  computed  and  added  as  usual,  giving 
5i  =  -|-  5.5,  and  ?2  =  +  '^•^-  The  three  columns  at  the  right  are 
used  in  finding  x'  and  ?/'.  To  fill  them  out,  set  the  slide  rule  to  lati- 
tude divided  by  distance  [L  + 1)  for  each  horizontal  line  and  multiply 
by  one-hundredth  of  the  latitude  (0.01  L)  for  the  corresponding  term 


in  the  !^  column  ;  with  the  same  settings  multiply  by  one-hun- 
dredth of  the  departure  for  the  corresponding  terms  in  the  column. 
Then   set   to   departure   divided   by    distance   and   multiply    by  one- 
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hundredth  of  the  departure  for  the  column.      Add  the  three 

columns  for  2  (^^  ,    2    {^^  ,  and  2    (^^  ,  and  substi- 

tute  in  (18) ',  giving 

,       7.8  X  0.25  —  5.5  X  6.66 


6.66  X  7.62  —  (0.25)2 


0.68 


,_   5.5x0.25  — 7.8  X  7.62  _ 
^  ~    6.66  X  7.62  — (0.25)2    —       -'^•^^• 

If  the  corrections  to  the  latitudes  and  departures  only  are  required, 
as  in  computing  areas  or  co-ordinates,  use  (21)'  and  (22)'.     To  do  this, 

set  x'  on  the  slide  rule  and  multiply  by  each   number  in  the 


100  I 
column  for  the  first  term  in   each  latitude   correction,  and  by  each 

..    -.  j  for  the  first  term  in  each  departure  correction.      Then  set  to  the 

value  of  J/',  and  multiiDly  by  each 

latitude  correction,  and  by  each 
departure  correction,  giving: 

V,   =       0.0    4-0.09  =  +  0.1 

Vj^  =  —  0.92  +  1.39  =  -)-  0.4 

v'  =  —  1.29  —  1.84  =  —  3.1 

v^   =       0.0    +  0.07  =  +  0.1 

V,    =  —  2.97  +  0.0    =  —  3.0 
Check,  (23)'  - 

2(^i)=-?i  =-5.5       2ivj;)=-q,  =-7.8 

If  the  corrections  to  the  distances  only  are  required,  as  for  a 
geometrically  consistent  description  or  record  map,  use  (19)';  the  x' 
setting  of  the  slide  rule  giving  all  the  first  terms  when  multiplied  by 
one-hundredth  of  the  latitudes,  and  the  y'  setting  the  second  terms 
when  multiplied  by  one-hundredth  of  the  departures.  Thus: 
rj  =  +  0.06  —2.72  =  —  2.66 

r2  =  +  1.23  —1.88  =_0.65 

??3  =  +  1.68  +  2.40  =  +  4.08 

r,  =  — 0.04  +2.11  =  +  2.07 

tjj  =  —  2.97  +0.0  =  —  2.97 

2  {v)  =  —  0.68  X  0.055  —  1.15  x  0.078  =  —  0.13  by  (20)' 


'lOOl 

I  or 

me   secona 

lerm 

m 

eacn 

100/ 

for 

the   second 

term 

in 

each 

"^1 

=  +  0.05  — 

2.71 

=  - 

-  2.7 

''/>, 

=  +  0.82  — 

1.25   : 

=  - 

-  0.4 

^-3 

=  —  1.09- 
=  +  0.04  — 

■  1.59 

2.10: 

_ 

-  2.7 

-  2.0 

^-, 

=       0.00  + 

0.0      : 

= 

0.0 
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If  corrected  co-ordiuates  and  distances  are  both  required,  it  will 
be  less  work  to  find  the  distance  corrections  first  and  the  co-ordinate 
corrections  from  these  l)y  the  first  portions  of  (21)'  and  (22)'. 

TABLE  No.  3. — Problem  from  Actual  Survey. 
Angles  closed  without  adjustment. 


sta- 

Bearing. 

Dis- 
tance. 

Latitude,  L. 

Departure,  D. 

L^ 

/)» 

L  D 

tion. 

+ 

- 

+ 

- 

1001 

100  f 

100  1 

1 

2 

8 

4 

N.  44°  38.5'  E. 
N.  52    42.5  E. 
S.    2    00      \V. 
N.  88   34     W. 
S.  88   50.5  W. 
North 

287.34 
451.75 
921.60 
212.00 
317.30 
443.60 

204.37 
273.70 

■■'slso' 
'iisleo' 

■32i'.04' 

201.83 
359.40 

■■32;i6' 

211.93 
317.24 

1.45 
1.65 
9.20 
0.00 
0.01 
4.44 

1.42 

2.85 
0.01 
2.11 
3.17 
0.00 

9.56 

1.44 

2.18 

0.32 

—0.05 

5 

6 

6.41 

0.06 
0  00 

Totals 

926.97 
3i  ^ 

927.45 
926.97 

561.23 

<?2   = 

561.33 
561.23 

16.75 

3.95 

—  0.48 

—  0.10 

0.10  X  3.95  +  0.48  x    9.56 


+  0.029 


y'- 

~                  160  —  15.55 

"•■"=       0.001 

^,  =  +  0.05 

v^   =  -f  0.04 

t?P   =  +  0.04 

^2  =  +  0.08 

v^   =--  -f  0.05 

Vj,   =+  0.06 

Vi  =  —  0.26 

t^L   =  +  0.26 

v^^  =  +  0.01 

v^  =       0.00 

V,    =       0.00 

v^  =       0.00 

^5=       0.00 

v^   =       0.00 

5 

v^  =       0.00 

^6  =  -f  0.13 

v^   =  -f  0.13 

Vj^   =       0.00 

2{v)=       0.00;    2  (v  )  ==+  0.48  =:  — 5i;    2  [v  )  =  -\- 0.11  = 


?2 


In  some  cases  base  or  reference  lines  and  stations  are  carefully 
located,  and  the  other  work  adjusted  to  them;  in  others,  a  survey  is  ex- 
tended after  an  adjustment  has  been  made  which  it  is  desired  not  to 
disturb.  These  cases  are  treated  by  omitting  the  terms  and  corrections 
for  the  perfect  lines,  which  forces  all  the  corrections  into  the  unad- 
justed parts. 
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Thus,  iu  tlie  foregoing  i^roblem,  if  6-1  be  regarded  as  perfect, 
—  0.10  X  3.95  +  0.48  X  9.56 


9.56  X  12.31 


(3.95)' 


=  +  0.041 


y 


—  —  Q-^^  ^  ^-^^  +  Q-^Q  ^  ^^-^^  =  _  0  007 


9.56  X  12.31  —  (3.95) 


t-j  =  4-0.07 
t?2  =  +  0.09 
z,3  =  —  0.38 
v^  =  -{-  0.01 
«.  =  +  0.02 


,      =+  0.05 
I. 

.      =  +  0.05 

2 

»,    =  +  0.38 
H 

j^    =       0.00 
7,    =        0.00 


/)., 


=  +  0.05 
=  +  0.07 


v^    =+0.01 
r„   =  —  0.01 


=  —0.02 


:2(r,)  =  —  0.19;    :S  (??  J  =  +  0.48;    :S  (r  J  =  +  0.10 

By  (20)',  2  {v)  =  —  0.041  x  4.44  +  0.007  x  0.001  =  —  0.18,  for  a 
check. 

The  method  thus  lends  itself  readily  to  the  fitting  of  new  to  old 
work  which  has  already  been  adjusted. 

The  application  of  the  method  of  adjustment  is  given  in  consider- 
able detail  so  that  it  can  be  used  mechanically  the  same  as  the  old 
compass  survey  method  without  looking  up  its  theoretical  basis.  It 
cannot  be  stated  so  concisely  as  the  old,  and  the  numerical  work  in- 
volves more  labor  if  corrected  co-ordinates  only  are  required.  In  case 
corrected  distances  are  required,  to  give  with  the  bearings  geometri- 
cally consistent  data  for  a  record  majj  or  description,  this  requires  less 
labor  than  the  old  method,  for  the  corrected  distances  are  used  di- 
rectly with  the  bearings,  while  in  the  old  method  neither  corrected 
distances  nor  bearings  can  be  obtained  without  a  special  computation 
after  the  co-ordinates  have  been  adjusted. 

The  method  has  a  good  theoretical  basis  for  the  conditions  assumed, 
-viz. :  small  errors  of  closure  for  the  angles  and  an  inaccuracy  of  chain- 
ing increasing  as  the  square  root  of  the  distance,  while  the  old  method 
has  none  for  transit  work. 
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DISCUSSION. 


George    W.  Ti'ttle,  Esq.    (by  letter). — It  is  stated  on  page  -154  Mr.  Tuttle. 
that  the  most  probable  corrections  will  be  those  the  sum  of  whose 
stiiiares  is  a  minimum  after  each  correction  has  been  divided  by  its 
j>robal)le   error.     It  is  the   square    of  the   probable   error,    however, 
that  shoiild  be  and  has  been  used  in  the  development  of  the  formulas. 

It  would  be  inferreti  by  a  reader  of  the  paper  that  Dr.  Bowditch 
developed  his  method  from  least-square  considerations,  although  such  is 
not  the  case.  In  The  Analyst,  Vol.  1,  No.  4, 1808,  Dr.  Bowditch  presented 
his  well-known  method,  in  answer  to  a  question  proposed  in  a  previous 
number  of  that  journal,  as  to  the  best  method  of  correcting  a  compass 
survey.  Dr.  Bowditch  ditl  not  give  the  solution  in  mathematical  form, 
but  presented  the  now  common  graphical  one,  stating,  in  substance, 
that  it  was  reasonable  to  assume  tliat  the  corrections  should  be  pro- 
portional to  the  length  of  the  lines,  and  parallel  to  the  closing  side. 

It  remained  for  Dr.  Adrian,  the  editor  of  The  Analyst,  in  the  same 
number,  to  demonstrate  Dr.  Bowditch's  method  by  least  squares,  and 
this  work  is  remarkable  as  the  earliest  application  of  the  method  of 
least  squares  to  geodetic  work,  as  well  as  for  the  general  and  instruc- 
tive form  in  which  it  is  given.  This  problem,  and  its  solution  by  Dr. 
Adrian,  forms  an  important  and  interesting  part  of  the  early  history 
of  mathematics  in  the  United  States.  Dr.  Adrian  demonstrates  the 
following  formulas,  which  are  put  into  the  notation  of  the  present 
paper: 

X  {-2  M  COS.-  B  +  p-  2  M sin."  B)  -i- i/  [1  —p-)  i 

2  Msin.  B  COS.  B  ^  Qi  =  0  \ ^^ 

i/  (2  J/" sin.-  B  ~p-  :S  Meos.^B)  +  x  (1  —  p-)  ] 

2:  J/ sin.  B  cos.  B  +  q.  =  0  \ ^  ' 

or.  ,,■  [  3  (f )  +  ^=  2   (f )  ]  +  2   (^)  a  -  ,n  ..  +  8,  =  0. .  .  (3) 

Probable  error  in  bearing  x  length  of  line. 
Probable  error  in  length  of  line. 

Equations  (3)  and  (4)  are  more  general  forms  of  the  author's  Equa- 
tions (17),  which  are  obtained  by  making  p  =  0.  Dr.  Adrian  notes, 
first,  that  when  p  —  1, 

and  1/  J    ,  then  F^j  —  x  /^  Vo^  =  y  li 


and  motion  of  angle  points  is  in  the  direction  of  closing  line.     Second, 
when  J)  =  0,  motion  of  angle  points  is  in  the  direction  of  /j,  l.,,  Ij, 
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Mr.  Tuttle.  Third,  wlien  p  =  a,  motion  of  angle  points  is  in  a  direction  perpen- 
dicular to  the  distances  l^,  l.^,  L, 

It  will  be  seen  that  the  first  case  is  the  method  of  Dr.  Bowditch; 
the  second  is  that  of  the  author,  and  supposes  all  the  errors  distrib- 
uted among  the  sides  only,  the  bearings  remaining  unchanged.  The 
third  solution  takes  up  all  the  errors  of  the  traverse  in  the  bearings, 
and  the  measured  distances  remain  unchanged. 

Now,  the  foregoing  general  equations  can  be  used  with  substantially 
the  same  amount  of  work  as  those  proposed  by  the  author,  and  with 
the  use  of  his  forms  of  computation.  They  have  the  advantage  that 
the  errors  can  be  distributed  among  the  sides  and  angles  in  any  pro- 
portion, according  to  the  relative  accuracy  of  the  measured  sides  and 
angles;  these  formulas  have  the  defect  however,  that  the  correction 
to  the  bearing  of  any  line  is  inversely  proportional  to  the  square  root 
of  the  length  of  that  line,  while  in  a  transit  survey,  where  the  lines 
are  not  excessively  short,  it  should  be  independent  of  the  distance. 

The  fundamental  defect  in  the  formula  projjosed  by  the  author  is, 
that  it  requires  the  errors  to  be  distributed  in  the  sides  only,  while  the 
angular  error,  where  many  angles  are  involved,  is  often  greater. 
When  the  errors  have  to  be  taken  up,  either  in  sides  or  angles  alone, 
the  corrections  will,  in  general,  be  double  what  they  would  be  if  dis- 
tributed through  both. 

That  which  follows  refers  largely  to  city  work,  with  transits  of  good 
make,  and  reading  to  20  seconds,  and  tapes  having  spring  balance  and 
temperature  adjustment. 

The  probable  error  in  chaining  appears  to  increase  less  rapidly 
than  the  distance,  and  faster  than  the  square  root  of  the  distance  as 
assumed  in  the  foregoing  formulas.  The  law  of  the  square  root  would 
jjrobably  be  true  if  all  errors  to  which  distance  measurements  were 
subject  were  compensating,  and  made  up  of  a  large  number  of  purely 
accidental  errors,  an  equal  number  of  i^ositive  and  negative  ones  oc- 
curring. But  as  most  of  them  are  not  compensating,  and,  as  for  any 
one  line  measured  in  a  brief  i)eriod,  temperature  and  other  errors  pro- 
portional to  distance  may  be  considerable  and  cumulative,  it  would 
seem  to  be  quite  as  accurate  to  take  the  error  of  chaining  as  being 
proportional  to  the  distance,  in  which  form  the  error  is  usually  stated. 
It  would  seem  that  for  an  accurate  and  economical  survey,  some 
relation  should  exist  between  the  accuracy  demanded  of  the  chain,  and 
that  of  the  transit.  No  adjustment  that  can  be  devised  is  so  perfect 
or  satisfactory  that  it  can  take  the  place  of  accurate  work.  It  is  quite 
imjiortant,  therefore,  that  the  jaroper  relation  between  the  jDrecision 
of  the  line  and  angle  measurements  should  be  determined. 

Were  the  angle  and  distance  measurements  equally  difficult,  for  the 
sake  of  economy,  the  allowable  error  should  be  divided  equally  between 
them,  as  Dr.  Bowditch's  method  assumes.     The  angular  measurement^ 
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l)eiug  usually  less  iliffii-ult,  some  greater  precisiou  may  be  observed  Mr.  Tnttle. 
iu  their  measiiroiuent,  but  the  respective  errors,  usually,  should  not 
depart  widely  from  equality,  and  iu  this  particular  it  ai)pears  desirable 
that  the  assumption  implied  iu  the  usual  rule,  /.  e.,  that  errors  due  to 
chaining  and  angle  measurements  are  equally  probable,  should  obtain 
in  practice. 

Assume  a  closed  traverse  of  )i  sides  and  angles,  with  an  angular 
error  of  closure  of  <i\^  «,  where  <t  =  allowable  error  in  measurement 
of  one  angle;  then,  to  make  the  figure  geometrically  consistent,  as  far 

as  the  angles  are  concerned,  a  correction  of  *'  ^  ^  should  be  applied 

n 

to  each  angle.  This  is  the  same,  in  effect,  as  assuming  the  bearing  of 
one  line  iu  the  traverse,  from  which  the  bearings  of  the  other  sides  are 
derived,  and  weighting  the  two  determinations  of  the  bearing  of  any 
given  side  found  in  passing  from  the  assumed  line,  round  to  the  right 
and  left,  resi^ectively,  inversely  as  the  number  of  angles  passed 
through. 

Let  m  be  the  value  of  any  bearing  determined  by  passing  through 
z  angles  to  the  right,  and  m^  by  passing  through  [n  —  z)  angles  to  the 
left,  and  ?«,„  and  ?-,„  the  value  and  probable  error  of  bearing,  after 
the  error  of  closure  is  apj^lied. 

Then,  in 


\^-h 


w^here  r  and  r^  represent  the  probable  error  of  determination  in  jDass- 
ing  round  the  closed  figure  to  the  right  and  left,  respectively. 

It  may  be  observed  that  the  probable  error,  as  here  used,  is  that 
obtained  from  the  allowable  difference  of  angular  closure,  i.  e.,  a  y/  n, 
and  is  consequently  the  probable  error  corresponding  to  this  differ- 
ence, and  the  maximum  value  which  the  probable  error  should  have. 

Now,         -,  =  ,  and 


r^-       (0.674a)  ^a'  r{'       (0.674a)  ^  (« 


so  that 


m  7?i  1 

~z         n  —  z  _  m  {n  —  ^)  -f  m^  z  ,g, 

z       n  —  z 

0.674a 


and  r„,  =  T!=^  =      fl'        1^  =  0-6'4<~'  J^^^^' ^^^ 

From  the  foregoing,  it  is  seen  that  the  probable  error  of  the  bear- 
ing distant  ^  =  v  from    the    assumed   side   is    r„,  ( ^  ^  n^  r^  0. 34a  V  «, 
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.  while    the  probable    error    of     a    single    determination    is    r/jn\ 

=  0.47a-v/  71.      The  allowable  error,  ay^7i,  is,  therefore,  2.1  times  the 
probable  error  of  a  single  determination  as  here  defined  and  used. 

It  is  easily  seen  from  Equation  (6)  that  the  probable  errors  of  the 
corrected  bearings  vary  from  zero  at  the  base  to  0.34  a  ■\/  n  at  the  bear- 
ing —  angles  distant  from  the  base,  in  proportion  to  the  ordinate  of  & 

circle  of  diameter  n,  divided  into  segments  z  and  n  —  z. 

As  it  is  impracticable  to  assign  different  probable  errors  to  bear- 
ings in  the  determination  of  corrections,  or  to  measure  the  angles  so 
as  to  secure  bearings  having  a  uniform  probable  error,  the  square  root 
of  the  mean  value  of  the  squares  of  the  probable  errors  should  be 
taken  as  the  constant  probable  error  of  an  angle;  this  is  equivalent  to 
making p^  in  Equations  (3j  and  (4)  constant,  and  equal  to  its  mean 
value.  We  will  define  the  square  root  of  the  mean  of  the  squares  of 
the  probable  errors  as  the  mean  probable  error.  The  mean  prob- 
able error  of  bearing,  in  a  traverse  of  n  angles,  will  therefore  be, 
approximately, 


11       ^n 

0.674a    l^y  2    (^^Z^V/2  =  0.275«-/^ 

and  the  mean  value  of  the  allowable  error,  being  2.1  times  the  latter, 
will  equal  0.58  ay/ n.  While  this  is  the  mean  value  of  the  allowable 
error  in  traverse  work  connected  with  fixed  bearings,  it  is  the  actual 
allowable  error  in  a  closed  circuit  where  no  bearings  are  fixed,  since 
each  bearing  is  similarly  circumstanced  relatively  to  all  the  others. 

From  the  record  of  the  angles  measured  with  several  good  20- 
second  transits,  under  service  conditions,  and  by  difi'ereut  observers, 
the  probable  error  of  a  single  angle  measurement  was  found  to  be 
less  than  12  seconds.  This  quantity,  therefore,  is  taken  as  the  maxi- 
mum probable  error  of  a  single  measurement,  and  consequently,  it  is 
found  that  12  seconds  X  2.1  =  25.0  seconds  is  the  allowable  error  or 
difference  between  measurements. 

The  allowable  error  of  chaining  with  the  tape  before  described  has 
been  found  to  be  about  1  in  10  000,  and  an  angular  error  of  20.6 
seconds  will  cause  an  error  of  an  equal  amount  in  the  location  of  the 
end  of  anv  given  line.  Therefore,  when  the  mean  allowable  error  of 
a  traverse  equals  20.6  seconds,  the  error  due  to  angular  measurement 
will  be  approximately  equal  to  the  error  due  to  chaining,  when  measured 
with  the  accuracy  of  1  in  10  000.  We  have  already  found  the  mean 
allowable  error  in  a  traverse  of  n  sides  to  be  0.58  a  -^  n  \  therefore, 
to  find  the  value  of  a  for  equal  precision  in  angles  and  chaining,  we 
have  the  equation  0.58  a  -\/w  =  20.6  seconds. 
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Table  No.  4  has  been  prei)nred  from  this  equation.  The  first  column  Mr.  Tuttle. 
gives  values  of  n,  the  number  of  angles  in  the  traverse.  The 
second,  the  values  of  (i,  the  allowable  error  in  angular  measurement, 
i.  e.,  the  diiference  between  two  measurements  should  not  exceed  this 
amount  for  eciual  i)recision  in  sides  and  angles.  The  third  column 
gives  the  approximate  number  of  repetitions  of  angle  necessary  for 
■equal  precision  in  sides  and  angles  when  p  =  10  000  X  0.58  «  V  w  arcl 
second  =  1. 

TABLE  No.  4. 


n. 

a. 

Repetitions  necessary. 

4 

18 

2 

9 

12 

3 

16 

9 

4 

25 

7 

6 

36 

6 

8 

From  a  considerable  experience  in  adjusting  careful  traverse  work 
to  triangtilation,  it  has  been  found  that  where  many  angles  are 
involved,  the  divergence  due  to  angular  errors  may  be  considerably 
greater  than  errors  due  to  chaining,  and  in  this  way  the  foregoing 
deductions  as  to  the  necessary  care  in  measuring  traverses  of  many 
angles  has  been  verified. 

Equations  (1),  (2),  (3)  and  (4)  may  be  easily  modified  to  make  the 
probable  error  in  distance  measurement  proportional  to  the  length  of 
line,  and  the  probable  error  in  bearings  independent  of  the  same. 
The  equations  then  take  the  form: 

x[2  M^  COS. 2  B  +  r  2  3P  sin."  B]  +  y  [l  — /)  I  ,rj. 

M-  sin.  B  COS.  5  +  ^y,  =  0  ) 

y\_'2  M^-  sin.  B  +  p'  2  31'^  cos.  B]  +  .-r  (1  —  pi-)  {  ,g. 

31-  sin.  B  cos.  B  +  q.^=  0  i 

or, 

x[2  L'  +  r  2]y\+2  LD{1  -p')  ?/  +  5,  =  0 (9) 

X  {1  —  I)')  2  L  1) -\- y  [2  D'-  -]-  p'' 2  D]  +  q.,  =  Q (10) 

Now,  when  the  angles  and  sides  are  equally  well  measured,  p>  will 
equal  unity,  and  we  have 

^°v  +  '/+^'+....   '■'^'  =  ''-' '"> 

y  =  ,^  +  ,,.^'i}  +  ....   ^^'  =  ^'y (12) 

It  will  be  seen  that  in  these  equations  the  squares  of  the  sides  are 
used  in  precisely  the  same  way  that  the  sides  are  used  in  the  common 
formulas.  "While  the  latter  make  the  corrections  to  be  applied  to  long 
lines  comparatively  slight  and  the  corrections  to  short  ones  large; 
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3lr.  Tuttle.  Formulas  (11)  and  (12)  make  the  corrections  to  the  location  of  anj 
given  i^oint  less  when  passing  along  a  short  side,  and  greater  in  the 
case  of  a  long  side,  by  assuming  the  probable  error  in  the  location  of 
a  given  point  as  proportional  to  the  distance  to  that  point,  instead  of 
to  the  square  root  of  the  distance. 

These  equations  are  so  simple,  and  so  readily  deduced,  that  the 
writer  has  some  misgivings  in  presenting  them  as  new,  although  he 
has  no  knowledge  that  they  have  ever  been  proposed.  They  appear 
to  the  writer  to  be  superior  to  the  common  formulas  for  the  adjust- 
ment of  transit  work,  and  also  have  .the  merit  of  simplicity. 

James  H.  Fuertes,  M.  Am.  Soc.  C.  E. — During  the  past  two  years,^ 
in  the  investigations  connected  with  the  Philadelphia  Water  Supjily 
Improvement,  for  the  Mayor's  exi^ert  Water  Commission,  and  the  New 
York  City  Water  Supply  investigations,  for  the  New  York  Merchants'' 
Association,  the  speaker  has  conducted  rapid  surveys  over  a  large  area 
of  mountainous  country,  for  the  j^urpose  of  securing  data  relative  to 
stream  flow  and  storage  facilities.  A  short  account  of  the  methods 
used  and  the  results  obtained  may  be  of  interest. 

For  the  New  York  investigations  the  work  consisted  of  reconnais- 
sances for  aqueduct  lines,  and  surveys  of  reservoir  sites  and  water-shed 
limits,  in  the  Adirondack,  Catskill,  Kittatinny  and  Shawangunk  regions, 
for  which  no  topographical  maps  were  available.  As  the  time  allowed 
was  very  short,  quick  approximate  methods  were  necessarily  used. 

In  the  Catskills  the  information  desired  was  the  location  of  suitable 
dam  sites,  the  cajjacities  of  the  reservoirs  formed  by  these  dams,  and 
the  area  tributary  to  each,  in  order  to  arrive  at  conclusions  as  to  the 
available  daily  yield  of  this  water-shed.  It  was,  at  first,  a  rather  dis- 
heartening task;  favorable  locations  for  masonry  dams  appearing  only 
at  the  lowest  sites  on  each  of  the  three  main  streams,  the  Esopus, 
Catskill  and  Schoharie  Creeks,  and  the  country  being  so  rough  and 
broken  that  progress  was  necessarily  slow. 

As  a  foundation  for  the  work,  the  best  available  maps  were  secured. 
These  were  on  so  small  a  scale  as  to  be  of  little  use  excei:)t  for  the  pur- 
pose of  estimating  water-shed  areas.  The  equipment  of  a  party  con- 
sisted of  a  pocket  aneroid  barometer,  a  pocket  comjjass,  a  hand-level, 
and  a  horse  and  buggy.  Each  party  consisted  of  three  persons,  two 
for  the  field  and  one  to  remain  at  headquarters  and  record  at  short 
intervals  the  readings  of  the  stationary  barometer,  noting  the  exact 
time  of  each  reading.  Readings  were  sometimes  taken  at  about 
3-minute  intervals,  when  the  fluctuations  in  pressure  were  rajjid. 
The  time  was  noted  at  each  reading,  both  in  the  field  and  at  head- 
quarters. At  night  the  readings  of  the  stationary  barometer  were 
plotted  and  the  proper  corrections  of  the  field  readings  were  made. 
Sometimes  it  was  necessary  to  compensate  for  lapse  of  time,  when 
an   area  of    low   pressure   was    moving  toward    or    away   from   the 
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observers;  this  was  done  by  shiftiug  the  time  scale.  At  times  the  Mr.  Fuertes. 
ehanf^es  in  the  barometer  would  be  as  much  as  300  to  400  ft.  in  a  few 
hours,  but  by  taking  several  readings  at  consecutive  stations  the 
ett'ects  of  such  variations  could  be  eliminated.  Generally,  the  baro- 
metric i-eadings,  after  correction,  could  be  depended  upon  within 
about  10  ft. 

The  field  party  first  meandered  all  the  roads  in,  and,  crossing,  the 
creek  valleys,  taking  bearings  at  every  change  of  direction,  and 
elevations  at  every  angle  point,  and  at  points  where  the  slopes  changed. 
The  distances  from  point  to  point  were  measured  by  counting  the 
revolutions  of  the  buggy  wheel.  The  corrections  for  the  slip  of  the 
wheel,  according  as  the  roads  were  smooth  or  rough,  frozen,  icy, 
muddy,  stiff,  hilly  or  flat,  were  determined  each  day  by  plotting  the 
day's  work  and  checking  the  distances  by  counting  the  rails  of  the 
railroad  ti'ack  between  road  crossings.  Where  possible,  surveys  were 
made  in  complete  circuits,  so  that  distances  and  directions  could 
be  checked  from  two  independent  lines.  After  the  main  lines  through 
the  valleys  were  completed,  cross-sections  were  taken  at  various  jioints 
where  the  topography  intlicated  that  such  sections  were  desirable. 

Elevations  were  checked  by  reading  the  barometer  at  the  different 
stations  every  time  points  were  passed  where  elevations  had  been 
taken  on  previous  days.  The  elevations  of  the  railroad  stations  were 
assumed  as  starting  points  for  the  different  lines.  These  were  taken 
from  the  time  table  of  the  Ulster  &  Delaware  Railroad,  or  from  the 
"Dictionary  of  Altitudes  "  jjublished  by  the  U.  S.  Geological  Survey. 
At  Cold  Brook  Station,  on  the  Ulster  &  Delaware  Railroad,  the  barom- 
eter indicated  a  discrepancy  of  about  40  ft.  in  the  elevations,  as  com- 
pared with  the  time  table  elevation.  Every  time  this  station  was 
passed  the  same  difference  of  elevation  was  found;  it  was  therefore 
checked,  first  with  a  hand-level,  and  afterward  with  a  wye-level,  and 
the  barometric  elevation  was  found  to  be  substantially  correct. 

Each  day's  work  was  plotted  at  night,  the  contours  at  20-ft.  inter- 
vals, roads,  buildings,  railroads,  bridges,  etc.,  being  put  on  the  sheets, 
which  were  then  sent  to  the  New  York  office  to  be  worked  into  record 
shape.  The  sheets  for  the  general  map  were  plotted  to  a  scale  of  about 
1  mile  to  an  inch,  and  the  detailed  maps  of  the  creek  valleys,  on  a 
scale  of  500  ft.  to  an  inch.  The  plotting  generally  checked  out  quite 
closely;  closely  enough  to  enable  the  probable  storage  capacity  of  the 
reservoirs  to  be  estimated  Avith  a  sufficient  degree  of  accuracy.  It  was 
found  that  the  error  was  generally  on  the  side  of  safety;  that  is,  the 
tendency  was  to  underestimate  distances  rather  than  to  overestimate 
them. 

The  total  cost  of  the  field  work  for  the  Esoj^us  Valley,  including 
all  salaries,  team  hire,  hotel  bills  and  traveling  expenses,  was  8457;  the 
cost  of  making  the  record  maps  was  ^136;  or,  a  total  of  $593  for  the 
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Mr.  Fuertes.  survey  and  maps  complete.  The  territory  embraced  in  this  survey, 
over  the  whole  of  which  contours  were  taken  at  20-ft.  intervals, 
covered  9  500  acres;  thus,  the  cost  of  the  field  work  was  at  the  rate  of 
4.8  cents  per  acre,  and  the  cost  of  the  record  maps,  on  a  scale  of  500  ft. 
to  an  inch,  about  1.5  cents  per  acre,  making  the  total  cost  6.3  cents  per 
acre. 

The  reliability  of  the  barometers  was  tested  most  severely  in 
making  the  survey  of  the  "  Drowned  Lands  "  in  the  Wallkill  Valley. 
Just  south  of  the  crossing  of  the  Erie  Railroad  over  the  Wallkill  River, 
the  valley  widens  out  and  forms  a  broad  plain  from  one  to  five  miles 
in  width.  This  plain  is  nearly  flat,  both  lengthwise  and  transversely, 
and  extends  well  down  into  New  Jersey.  It  was  at  one  time,  undoubt- 
edly, the  bottom  of  a  lake.  During  the  winter  and  spring  the  whole 
valley  frequently  lies  several  feet  under  water.  In  getting  elevations 
in  this  valley  care  was  exercised  to  take  as  many  barometric  readings 
as  possible  on  points  where  elevations  had  been  taken  previously. 
Elevations  were  carried  down  from  Goshen  and  Middletown.  After 
the  completion  of  the  work,  comparisons  were  made  with  the  Geologi- 
cal Survey  sheets  of  New  Jersey,  and  it  was  found  that  the  contours 
carried  down  from  the  Erie  Railroad  crossing  fitted  those  brought  up 
from  tide-water  through  New  Jersey. 

In  the  case  of  the  erroneous  elevation  found  at  Cold  Brook  Station, 
on  the  Ulster  &  Delaware  Railroad,  the  attention  of  the  Railroad  Com- 
pany was  not  called  to  the  discrepancy,  because  the  elevation  was 
taken  from  the  time-table,  and  was  not  official.  The  valley  through 
which  the  railroad  runs  is  quite  beautiful,  and  is  much  frequented  by 
tourists  and  summer  visitors,  and  one  of  the  features  of  the  time- 
table was  the  publication  of  the  elevations  of  the  railroad  stations. 
The  profile  of  the  railroad  was  not  secured.  At  the  time,  it  was 
thought  that  the  error  might  have  been  simply  an  oversight  in  proof- 
reading. The  elevation  is  given  correctly,  on  the  authority  of  the 
railroad  in  the  "Dictionary  of  Altitudes." 
Mr.  Luster.  W.  H.  LusTER,  Jr.,  Assoc.  M.  Am.  Soc.  C.  E. — The  speaker  has  done 
quite  an  amount  of  topographic  work,  with  both  aneroid  and  wye- 
level,  and  probably  did  some  of  the  work  near  the  New  Jersey  State 
line  to  which  Mr.  Fuertes  refers. 

Part  of  this  topographical  work  was  in  a  rough  section  of  the 
Adirondacks,  where  the  general  method  followed  was  to  run  lines  of 
levels  along  the  railroads  and  country  highways.  These  levels  were 
used  as  the  base  for  all  stadia  and  aneroid  work,  vertical  angles  being 
used  on  all  stadia  lines. 

In  taking  the  tojjography  of  a  township  the  lines  were  first  run 
around  the  tract,  using  transit  and  steel  tape,  the  horizontal  and 
vertical  angles  were  read  and  stadia  distances  recorded;  the  latter  was 
reduced  to  the  horizontal  and  used  to  check  the  tape  distance. 
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A  towusbip  oontaiua  3(5  sq.  miles  aud  measures  24  miles  around  the  Mr.  Luster. 
border.     The  closure  of   the  horizontal  work  was  30  ft.  and  of  the 
vertical  about  (>  ft. 

This  work  was  nil  cross-checked  by  running?  lines  on  the  subdi- 
visions of  the  township,  sometimes  V)y  transit  aud  tape  and  at  other 
times  with  compass  aud  stadia,  according  to  the  importance  of  the 
line.  These  cross-lines  always  crossed  a  line  of  levels,  so  that  perfect 
vertical  control  was  secured  at  all  times.  The  azimuth  was  checked 
by  sun  observations  and  triangulation. 

All  horizontal  measurements  were  taken  between  vertical  rods 
which  were  driven  solidly  in  the  ground  and  made  vertical  by  the  use 
of  two  attached  levels.  Down  the  center  of  these  rods  there  was  a  slot 
which  just  allowed  the  entrance  of  a  projection  on  a  plate  attached  to 
the  zero  end  of  the  tape.  The  tape  was  made  horizontal  by  the  use  of  a 
hand-level,  and  the  distance  between  the  centers  of  the  slots  was  then 
read  and  recorded. 

Some  of  the  distances  taped  over  had  slopes  of  45  degrees.  Taking 
that  fact  into  consideration  with  the  distance  measured,  24  miles,  the 
closure  of  30  ft.  was  remarkably  good. 

It  is  a  peculiar  fact  that  in  all  the  township  line  work  which  the 
sjjeaker  has  done  in  the  Adirondacks,  he  has  found  that  with  few 
exceptions  these  lines  cross  the  summits  of  all  the  high  peaks  or  very 
close  to  them,  and  in  almost  every  instance  a  triangulation  station 
can  be  located  on  the  line  which  will  give  perfect  view  to  other 
stations. 

At  these  points  a  small  signal  was  erected  and  a  round  of  angles 
measured,  and  at  a  later  date  it  was  observed  on  from  the  other 
stations.  These  triangulations  were  made  with  a  20-second  Buflf  and 
Berger  transit.  The  results  of  these  triangulations  were  plotted  on  a 
projection  and  the  lines  then  adjusted  to  these  jjoints  graphically. 
The  scale  of  this  map  was  1  in  10  000,  which  made  the  perceptible 
error  on  the  maj)  very  slight. 

The  topography  was  filled  in  by  aneroid,  which,  for  ground  of 
this  nature,  was  a  rajjid  and  fairly  accurate  way  of  working.  Each 
township  was  divided  into  lots,  the  lines  of  which  were  run  by  com- 
pass and  stadia,  the  vertical  angles  being  read  for  the  vertical 
control.  From  these  lines  a  pacing  traverse  was  run  to  the  interior  of 
each  lot,  and  aneroid  readings  taken  at  all  points  of  topographic 
interest.  The  remaining  contours  were  sketched  in  by  eye.  The 
-aneroids  were  read  at  the  start  and  finish  of  each  traverse,  and  the 
points  taken  in  the  interior  were  adjusted  in  proportion  to  the  elapsed 
time.  Headings  for  comjiarison  were  taken  at  the  camp  during  the 
day  by  the  man  in  charge,  if  his  other  duties  did  not  prevent;  as  this 
often  happened,  these  readings  were  little  used  and  dependence  was 
placed  on  average  readings  taken  on  the  same  point.     These  aneroid 
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Mr.  Luster,  heights  can  be  depended  on  within  10  ft.,  five  or  six  check  readings 
were  taken  on  a  point  of  known  elevation,  which  led  the  sjjeaker  to 
take  the  error  mentioned  as  a  maximum. 

The  speed  of  such  a  survey,  when  all  hands,  fifteen  men,  were- 
working  on  the  line,  was  about  2  miles  per  day. 

The  foregoing  method  differs  from  that  carried  on  in  New  Jersey. 
In  that  State  the  ground  is  not  so  rough  and  is  not  heavily  timbered, 
so  that  the  various  features  of  the  ground  can  be  readily  seen  and  no 
useless  lines  need  be  run.  For  country  of  this  nature  the  wye-level 
was  used  for  all  topography.  In  the  few  cases  where  the  counti'y  was- 
hilly  and  timbered  aneroids  were  depended  on,  but  were  used  on  only 
very  short  lines. 

Formulas  were  never  used  to  distribute  the  error,  as  the  number  of 
stations  involved  would  have  made  the  task  so  great  that  the  results 
of  the  work  would  have  been  greatly  delayed  before  publication,  and, 
in  the  speaker's  opinion,  the  scale  of  a  map,  where  so  small  as  that 
mentioned,  does  not  warrant  such  refinement. 

The  paper  has  been  read  carefully,  and,  while  admitting  that  a 
method  of  adjustment  is  necessary,  the  one  given  seems  to  the  speaker 
to  be  too  cumbersome  for  practical  use.  In  making  an  adjustment  of 
a  survey  the  speaker  uses  the  following  method:  The  lines  which  can 
be  measured  without  any  diflBculty  are  taken  as  correct  and  the  differ- 
ence then  remaining  is  projiortioned  to  the  other  lines  in  proportion 
to  their  lengths.  If  the  ground  is  open  and  the  located  corners  can  be 
seen  from  two  or  more  points  in  the  field,  a  base  line  is  carefully 
measured,  from  the  ends  of  which  these  corners  can  be  seen;  the 
angles  are  measured  and  then  the  sides  are  computed  to  check  the 
measui'ed  distances.  It  has  been  the  speaker's  experience  that  by  this 
method  very  little  error  will  be  found  in  lines  easily  measured,  and  no 
refinements  need  be  used  to  adjust  this  small  difference. 
Mr.  Lee.  ^-  B.  Lee,  M.  Am.  Soc.  C.  E. — The  speaker  has  often  used  Dr.  Bow- 
ditch's  method  of  adjusting  a  survey,  probably  for  the  lack  of  some- 
thing better,  and  has  fallen  into  the  error,  common  to  those  who  have 
applied  it  to  a  transit  survey,  namely,  the  giving  of  insufficient  credit 
to  the  accuracy  of  the  angle  measurements. 

No  survey  should  be  accepted,  the  original  notes  of  which  are  not 
sufficiently  accurate  within  their  limits,  which  may  be  anywhere 
between  those  of  mountain  land  and  city  lots.  This  condition  being 
satisfied,  no  surveyor  can  afford  to  make,  nor  will  any  owner  consent 
to  pay  for,  an  elaborate  correction.  Surveys  are  made  for  the  purpose- 
of  locating  fixed  points  or  corners.  If  the  bearings  and  distances- 
when  re-run  will  not  locate  these  j^oints  accurately,  it  matters  not 
whether  the  error  be  one  of  bearing  or  distance. 

Since  the  present  practice  tends  to  an  accuracy  of  instrument  work 
greater  than  that   of  chaining,  the  speaker  would  recommend  that. 
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these  two  be  adjusted  to  a  common  basis  before  a  snrvey  is  made.  Mr.  Lee. 
Then  Dr.  Bowditcli's  simple  and  rapid  method  of  correction  may  be 
applied  without  detriment  to  either. 

Much  dejiends  \ipon  the  circumstances  attending  the  making  of 
a  survey;  that  is,  the  copditions  under  which  it  is  made,  and  the 
nature  of  the  territory.  Here  arise  abundant  opi)ortunities  for  the 
exercise  of  judgment. 

The  speaker  recently  made  a  survey  of  an  industrial  jilant  which 
was  scattered  along  a  railway  for  about  half  a  mile,  making  a  circuit 
then,  of  about  a  mile.  The  line  along  the  railway  was  assumed  as  a 
meridian  and  its  length  as  correct;  then  the  meandering  line  behind 
the  plant  was  adjusted  to  it.  Numerous  shots  and  measurements  to 
comers  of  buildings  and  other  fixed  points  proved  the  accuracy  of  the 
work  and  the  rationality  of  the  adjustment. 
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WITH  DISCUSSION. 

The  Village  of  Nyack  is  situated  on  the  west  bank  of  the  Hudson 
Biver,  about  28  miles  from  New  York  City.  The  Villages  of  South 
Nyack  and  Upper  Nyack  adjoin  it  on  either  side,  and  are  supplied  by 
it  with  water.     The  combined  population  is  about  8  000. 

These  villages  were  originally  supplied  from  springs  by  gravity,  but 
in  1884  the  company  then  owning  the  works  found  it  necessary  to 
increase  this  supply  by  pumping  from  Hackensack  Creek,  the  present 
source  of  four-fifths  of  the  supply. 

As  the  proportion  of  Hackensack  Creek  water  to  spring  water 
increased,  dissatisfaction  among  the  consumers  likewise  increased, 
until,  in  1893,  the  Village  of  Congers  constructed  a  shallow  lake  by 
damming  a  branch  of  the  stream  and  flooding  an  area  which  had 
never  been  cleared  of  the  stumps  or  surface  soil.  The  water  then 
became  unbearable,  and  the  villages  applied  to  the  State  Board  of 
Health  for  a  remedy.     Accordingly,  the  Board  made  a  report  in  1894 
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advising  the  water  company  to  tilter  the  siii^ply.     Nothing,  ho"wevcr, 
\vas  done  at  that  time. 

In  July,  1897,  the  Village  of  Nyack  acquired  the  plant  of  the  Nyack 
Water-Works  Company  by  condemnation  proceedings,  and  began 
to  consider  the  improvement  of  the  supply. 
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Fig.  1. 


Driven  wells  were  tried  and  failed.  A  gravity  supisly  from  a  more 
sparsely  settled  water-shed  was  considered,  but  the  estimated  cost 
exceeded  the  available  means.  The  filtration  of  the  present  supply 
was  then  recommended  and  adopted. 
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Description  of  PiiANT. 

The  filter  is  of  the  open,  gravity,  sand  type,  and  was  designed  for 
slow  filtration.  It  is  located  in  a  swamp  on  the  Hackensack  River, 
about  2i  miles  west  of  the  village,  and  just  north  of  the  West  Nyack 
Station  on  the  West  Shore  Railroad  (Fig.  1). 

It  consists  of  two  rectangular  beds  of  equal  size,  with  a  combined 
filtering  area  of  16  400  sq.  ft.,  or  0.38  acre,  and  a  pure- water  resei-voir 
having  a  capacity  of  44  000  galls.  It  is  built  wholly  in  excavation 
below  the  level  of  the  creek,  and  is  protected  by  earth  embankments 
from  high  water,  which  floods  the  surrounding  ground.  Several 
cross-sections  are  shown  in  Fig.  2. 

The  enclosing  walls  arc  of  concrete  to  a  height  of  about  3  ft.  8  ins. 
above  the  bottom.  Above  these  walls  a  vitrified  brick  paving  is  laid  at 
a  slope  of  1^  to  1,  and  to  a  height  of  4  ft.  above  the  wall. 

The  bottom  is  of  concrete,  and  the  regulating  and  intake  chambers 
are  of  brick.  The  division  wall  above  the  sand  is  of  brick;  below  the 
sand  it  is  of  concrete. 

The  filtering  material  consists  of  3  ft.  of  sand  underdrained  by  1  ft. 
of  gravel  and  by  6-in.  tile  pipe.  Each  bed  has  a  main  drain  of  tile  pipe 
leading  to  the  regulating  chamber. 

The  pure- water  well  is  buOt  of  brick,  and  the  bottom  is  of  concrete. 
It  is  entirely  sejjarated  from  the  filter,  but  is  connected  with  the  regu- 
lating chamber  by  a  12-in.  cast-iron  joipe. 

Details  of  Constkuction. 

The  excavation  was  begun  during  dry  weather  of  August,  1897. 
After  removing  2  ft.  of  black  muck  on  toji,  a  stiff  damp  red  clay  was 
encountered,  and  the  deej^er  the  excavation  was  carried,  the  more  wet 
and  tenacious  became  the  clay,  and  the  more  difficult  it  became  to 
handle.  Shovels  and  sj^ades  were  used  to  cut  it  in  blocks  which  were 
then  thrown  on  wagons  by  the  hands.  Teaming  was  impossible, 
except  on  roadways  of  old  railway  ties  or  plank. 

The  depth  of  the  cut  to  be  made  averaged  12.5  ft.  After  a  depth 
of  10  ft.  was  reached,  the  sides  of  the  excavation,  which  up  to  this  time 
bad  stood  nearly  vertical,  cracked  back  from  the  face  a  distance  of  2  to 
4  ft.,  and  subsided,  making  a  corresponding  elevation  in  the  adjacent 
bottom,  which  had  become  very  soft  and  puddled  by  teaming  over  it. 

To  remedy  this  difficulty,  excavating  the  easterly  end  at  a  slope  of 
Ih  to  1  was  tried,  with  a  like  result  when  the  same  dej^th  was  reached, 
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and  it  became  evident  that,  with  this  method  of  excavation,  the 
required  dejDth  could  not  be  reached. 

The  contractor  had  taken  the  excavation  at  the  low  i^rice  of  29  cents 
per  cubic  yard.  It  was  evident  that  he  was  losing  money  on  this  part  of 
the  work,  and,  becoming  somewhat  discouraged,  he  finally  abandoned  it. 

Rudolph  Hering,  M.  Am.  Soc.  C.  E. ,  was  then  asked  to  report  on 
the  situation  for  the  village.  By  his  advice,  soundings  were  made  over 
the  entire  area.  These  were  made  with  an  iron  rod  1  in.  in  diameter 
and  30  ft.  long,  on  which  was  arranged  a  sliding  weight.  "This  weight 
was  made  of  a  short  section  of  6-in.  cast-iron  water  pipe,  in  the  center 
of  which  was  a  piece  of  1^-in.  wrought-iron  jiipe,  the  space  between 
being  filled  with  lead.  On  the  bottom  was  an  iron  plate,  the  whole 
weighing  about  130  lbs. 

The  weight  was  lifted  by  two  men  and  allowed  to  fall  on  an  adjust- 
able clamjj.  The  height  to  which  it  was  lifted  varied  from  3  to  4  ft., 
and  a  record  was  taken  of  the  depth  penetrated  by  each  ten  blows. 
The  upper  part  of  the  rod  was  steadied  by  a  tripod.  To  withdraw  the 
rod  a  3-ton  block  and  fall  was  used. 

These  soundings  showed  the  presence  of  water-bearing  gravel  strata 
varying  from  2  ft.  at  the  westerly  end  to  20  ft.  at  the  easterly  end  below 
the  proposed  bottom  of  the  filter.  Mr.  Hering  then  advised  continuing 
the  construction  by  the  use  of  sheet-piling  and  sustaining  piles. 

Before  the  sheet-piling  could  be  started,  the  creek  broke  through, 
the  bank  and  flooded  the  excavation.  This  made  it  necessary  to  drive 
a  line  of  4  x  8-in.  tongued  and  grooved  spruce  sheeting  between  the 
creek  and  the  excavation.  This  sheeting  was  driven  to  a  depth  of 
3  to  4  ft.  below  the  proposed  bottom  of  the  filter.  The  water  was  then 
pumped  out,  and  the  whole  area  surrounded  by  a  single  row  of  sheet- 
piling  of  the  same  kind.  The  latter  sheeting  was  driven  within  the 
excavation  and  1  ft.  outside  of  the  foundation  line  of  the  filter.  Sus- 
taining piles  were  then  driven  on  the  proposed  site  of  the  walls. 

In  driving  the  sheeting  it  was  found  that  in  most  places  it  could  be 
driven  clear  through  the  gravel  strata  into  softer  material  below.  For 
this  reason  the  round  piles  were  driven  with  blunt  ends  of  at  least 
6  ins.  diameter.  Although  some  of  the  332  piles  thus  driven  evidently 
stopped  at  the  gravel  strata,  fully  two-thirds  of  the  number  depend 
largely  on  friction  for  sustaining  power. 

The  maximum  weight  sustained  by  each  pile  under  the  outside  wall 
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Fig.  1. -Placing  Gr.a.vel  in  East  Filter  Bed. 


Fig.  2.— Underdrains  and  Main  Collector  in  West  Filter  Bed. 
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tion  of  the  tlivision  wall,  which  was  of  uuiform  dimeuaions  throughout, 
the  concrete  walls  varied  in  thickness  according  to  their  location.  The 
concrete  in  the  south  wall  averaged  0.8  en.  yd.  per  lineal  foot;  that  in 
the  east  wall  averaged  0.33  cu.  yd.  per  lineal  foot,  and  that  in  the 
north  and  west  walls  0.7  cu.  yd.  per  lineal  foot.  The  division  wall 
averaged  0. 61  cu.  yd.  per  lineal  foot. 

The  floors  were  placed  on  1-in.  hemlock  plank,  laid  on  the  clay  to 
prevent  the  concrete  from  mixing  with  the  soft  bottom. 

They  were  made  of  Rosendale  cement  concrete  0.66  ft.  thick,  topped 
with  Portland  cement  concrete  having  an  average  thickness  of  0.22  ft. 

All  concrete  was  mixed  by  hand.  Kosendale  cement  concrete  for 
the  walls  and  floor  was  composed  of  1  part  cement,  2  parts  sand  and 
6  parts  broken  limestone,  varying  from  J  in.  to  2.}  ins.  iu  greatest 
dimensions.  The  Portland  cement  concrete  in  the  floors  was  mixed  in 
the  proportions  of  1  part  cement,  3  parts  sand  and  5  parts  |-in.  broken 
limestone. 

The  faces  of  the  concrete  walls  were  first  pointed  uji  with  2  to  1 
Rosendale  cement,  and  then  plastered  wdth  2  to  1  Portland  cement. 

The  floors  cost  ^1.50  per  square  yard  in  place.  The  concrete  Avails 
cost  S4.40  per  cubic  yard  in  place.  The  labor  of  mixing  and  deposit- 
ing the  concrete  for  the  walls  was  1  man,  0.42  day  per  cubic  yard. 
For  the  Kosendale  cement  concrete  in  the  floors,  1  man,  0.32  day  per 
cubic  yard. 

The  division  wall,  above  the  sand  line,  was  built  of  brick  in  Port- 
land cement,  and  faced  with  vitrified  brick.  The  slope  paving  was 
laid  on  a  foundation  of  8  ins.  of  Portland  cement  concrete,  composed 
of  1  part  cement,  3  parts  sand  and  7  parts  broken  limestone,  varying 
from  J  in.  to  2^  ins.  in  greatest  dimension.  The  vitrified  brick  slope 
paving  and  all  other  brickwork,  with  the  exception  of  that  in  the  house 
over  the  regulating  chamber,  was  laid  in  3  to  1  Portland  cement  mortar. 

The  average  cost  of  the  exterior  concrete  wall,  slope  paving  and  curb 
was  ^5  per  lineal  foot.  The  average  cost  of  the  division  wall  was  $5. 19 
per  lineal  foot.  The  ordinary  brickwork  in  the  walls  cost  ^Sjjer  cubic 
yard.     The  vitrified  brickwork  in  the  walls  cost  $8.40  per  cubic  yard. 

The  intake  chamber  extends  outside  of  the  first  row  of  sheeting,  and 
is  of  circular  form  on  the  outside,  to  better  withstand  the  pressure. 

The  filtering  gravel  is  of  the  following  sizes:  The  bottom  6  ins.  in 
depth  varies  from  3  ins.  to  1  in.  in  greatest  diameter;  the  next  3  ins., 
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from  1  to  ^  in.;  the  top  .3  ins.,  ^  in.  and  less.  With  the  exception  of 
a  small  portion  of  the  top  layer,  the  gravel  in  the  east  half  is  of 
crushed  trap  rock  and  hard  field  stone;  in  the  west  half  it  is  washed 
gravel  from  Cow  Bay,  Long  Island. 

The  sand  was  obtained  from  Cow  Bay,  and  was  delivered  in  barges 
at  the  dock  at  Nyack,  from  which  it  was  carted  to  the  beds  in  wagons. 
It  was  placed  in  the  beds  as  received,  as  was  also  the  crushed  stone 
and  gravel.     Both  sand  and  gravel  cost  ^2.1.5  per  cubic  yard  in  place. 

During  the  first  week  the  filter  was  operated  the  water  was  wasted, 
on  account  of  its  being  quite  turbid  and  tasting  of  the  cement.  After 
that,  it  was  pumped  into  the  reservoirs,  although  still  quite  turbid. 
After  about  a  month  it  became  decidedly  better,  and  at  the  end  of  the 
second  month  the  turbidity  could  scarcely  be  noticed  in  an  ordinary 
glass,  but  still  showed  slightly  in  the  regulating  chamber,  where 
there  was  a  depth  of  about  8  ft. 

After  three  months  the  water  was  free  from  all  turbidity,  but  had  a 
slight  color.  In  a  glass  or  small  vessel  it  appeared  to  be  colorless,  but 
where  there  was  any  considerable  depth,  as  in  the  regulating  chamber, 
it  could  be  easily  noticed. 

In  the  intake  chamber  there  is  an  ordinary  12-in.  Ludlow  balanced 
float  valve,  which  regulates  the  depth  of  water  over  the  sand  to  3  ft., 
when  the  i^umjjs  are  running;  otherwise,  3^  ft. 

The  rate  of  filtration  is  regulated  by  the  pumps,  which  draw  from 
the  pure-water  well  and  supply  the  reservoirs  in  the  village.  The 
pumps  are  in  use  almost  every  day  for  at  least  9  hoiirs,  and  run  at  a 
uniform  rate  while  in  operation. 

The  maximum  consumption  of  water  is  at  the  rate  of  about  630  000 
galls,  per  day,  which,  if  one  bed  only  were  used,  would  give  a  maximum 
draft  of  about  3  326  000  galls,  per  acre  per  day.  This  condition,  how- 
ever, is  not  realized  in  practice,  as  both  beds  are  used  at  the  same  time, 
excej)t  when  one  is  being  cleaned. 

The  development  of  the  springs  before  mentioned  is  reducing  to 
some  extent  the  amount  of  filtered  water  required,  and  the  total  con- 
sumption is  being  decreased  by  the  gradual  introduction  of  meters. 

The  i^ure-water  well  was  sunk  on  a  shoe  made  of  three  rings  of 
4-in.  yellow  jiine  bolted  together.  Each  ring  is  comjiosed  of  six  sections. 
This  makes  a  solid  shoe  of  25  ft.  internal  and  28.5  ft.  external  diameter. 

An  excavation,  about  6  ft.  deep,  was  made  on  the  site  of  the  well, 
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Fig.  1. — Placing  Sand  in  East  Filter  Bed. 


Fig.  2.— Completed  Filter  Basins  and  Regulating  Chamber. 
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iiiul  the  shoe  was  put  together  iu  the  bottom.  Arouud  this  shoe  was 
erected  a  tub  or  casing  of  3  x  ll-in.  x  15-ft.  yellow  pine  plank,  sjiiked 
to  the  shoe  and  held  iu  place  by  three  iron  hoops  drawn  tight  by  bolts 
and  nuts.  The  20-in.  wall  was  then  built  on  this  shoe  to  a  height  of 
10  feet. 

Excavation  with  derricks  and  buckets  was  then  begun,  but,  later, 
the  second  contractor  erected  a  centrifugal  pump,  and,  using  a  jet  of 
water  from  the  mains  under  about  150  lbs.  pressure,  softened  the 
clay  and  pumjjed  it  out. 

The  floor  was  made  by  laying  2-in.  planks  on  the  bottom,  and  over 
them  6  x  8-in.  yellow  pine  timbers,  inserted  in  holes  cut  in  the  brick- 
work just  above  the  shoe.  Eosendale  cement  concrete  1  ft.  thick  and 
of  the  same  character  as  that  on  the  bottom  of  the  filter,  was  then  laid 
on  the  bottom,  thus  covering  tlie  6  x  8-in.  stringers  4  ins.  deep.  On 
this  a  4-iu.  layer  of  Portland  cement  concrete  was  placed. 

The  well  was  covered  witli  a  spherical  dome  of  6  ft.  rise,  the  radius 
of  the  sphere  being  16  ft.  To  relieve  the  thrust  of  this  dome,  a  f-in. 
cable  was  built  in  at  the  spring  line.  Of  this  cable,  125  ft.  were  used, 
it  being  double  on  the  side  toward  the  filter. 

The  embankments  were  formed  with  the  material  excavated  from  the 
original  surface,  without  cleaning  or  grubbing.  Where  it  was  found 
necessary  to  make  embankments  upon  which  the  slope  paving  was  to 
rest  great  care  was  taken  to  have  it  thoroughly  compacted  by  tamping 
and  then  settling  with  water.  Nothing  was  done  to  compact  the 
embankments  above  the  slojje  paving,  except  the  ordinary  teaming 
over  them.  They  were  designed  and  constructed  originally  on  a  slope 
of  li  to  1,  with  the  walk  1  ft.  above  the  curb.  They  were  completed 
about  December,  1899,  and,  therefore,  could  not  be  seeded.  The 
clay,  on  thawing  in  the  spring,  became  semi-liquid  and  ran  until  it 
stood  at  a  slojie  of  from  2  to  1  to  3  to  1.  A  great  deal  of  it  ran  over 
the  curb  and  wpon  the  filter  beds  which  w'ere  then  being  used.  This 
was  cleaned  off,  and  then  the  banks  were  cut  back  to  a  2  to  1  slope, 
tojjped  with  1  ft.  of  loam,  and  seeded,  and  the  grade  of  the  walk  was 
lowered  to  the  toj)  of  the  curb. 

In  order  to  keep  the  foot  of  the  embankment  in  place  it  was  found 
necessary  to  excavate  the  walk  to  the  4-in.  sub-grade  and  fill  in  with 
crushed  stone;  which  furnished  sufficient  weight  to  prevent  the  press- 
ure of  the  embankment  from  raising  the  soft  material  under  the  walk. 
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When  the  beds  were  cleaned  for  the  second  time  it  was  found  that 
the  clay  had  never  been  thoroughly  removed  from  them.  In  order  to 
remove  it,  the  sand  to  a  depth  of  from  IJ  to  3  ins.  was  taken  off  and 
replaced  with  clean  sand.  The  beds  were  finally  completed  about  May 
1st,  1900. 

The  following  engineers  were  connected  with  the  work  :  James 
S.  Haring,  M.  Am.  Soc.  C.  E.,  was  the  Engineer  of  the  Board  of 
Water  Commissioners  during  the  design  and  construction  under  the 
first  contract.  Allen  Hazen,  M.  Am.  Soc.  C.  E.,  was  consulted  on  the 
advisability  of  filtration,  and  made  the  original  design.  Rudolph 
Hering,  M.  Am.  Soc.  C.  E.,  was  consulted  on  the  early  part  of  the 
construction.  Louis  L.  Tribus,  M.  Am.  Soc.  C.  E.,  was  called  in 
consultation  under  the  second  contract.  He  approved  the  plans  and 
specifications  as  modified  by  the  writer,  and  acted  as  Consulting  En- 
gineer during  the  construction.  The  -tta-iter  was  Assistant  Engineer 
under  the  first  contract  and  Engineer  of  the  Board  of  Water  Commis- 
sioners under  the  second  contract. 

The  cost  of  the  filters  is  shown  in  the  following  table: 

Sheet  piling  in  place ^3  300 

Sustaining  piles  in  place 1  558 

Excavation 5  270 

Grading  and  soiling 1  500 

Engineering 3  644 

Inspection  and  tests 713 

Rosendale  cement  concrete  in  floors 1  958 

Portland  "  "  "       780 

Rosendale         "  "  walls 1  892 

Portland  "  "  slope  paving 484 

Vitrified  brick,  slope  paving 113 

Curb  in  place 250 

Underdrains 347 

Filtering  material 5  524 

Hemlock  lumber,  capping  and  floors 838 

Yellow  pine  lumber    "         "         "     465 

House  over  regulating  chamber 150 

Pipe  laying,  etc 58 

Miscellaneous 250 

Total $29  094 
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DISCUSSION. 


James  S.  Haring,  M.  Am.  Soc.  C.  E.  (by  letter).— As  outlined  by  Mr.  Haring. 
the  author,  the  orifj;in  of  the  change  of  owuershq)  of  the  water-works 
of  the  vilhif^e  of  Nyack,  from  a  private  to  a  municipal  plant,  began 
with  the  continued  dissatisfaction  of  the  consumers,  in  the  three 
villages  named,  with  the  quality  of  the  water  supplied  by  the  private 
company. 

In  1872  Commodore  William  Voorhis,  a  large  proj^erty  owner  in 
Nyack  and  South  Nyack,  constructed,  principally  for  the  supply  of  his 
own  houses  in  the  latter  village,  a  gravity  plant,  taking  the  supply 
from  small  springs  found  in  the  hillside  of  these  villages.  Gradually 
the  plant  became  enlarged  by  the  addition  of  other  consumers,  and 
additional  supplies  were  obtained  from  springs.  In  1884,  however, 
after  much  expensive  and  friiitless  effort  to  obtain  similar  additions,  it 
was  found  necessary  to  seek  a  supply  by  other  means  than  that  of 
gravity.  Examinations  of  various  other  sources,  including  Rockland 
Lake  and  the  Hackensack  River,  were  then  made,  and  resulted  in  the 
selection  of  the  latter  as  the  source  of  supply. 

The  Hackensack  River  originates  principally  from  the  outflow  of 
Rockland  Lake,  and  from  a  stream  having  its  source  west  of  New  City, 
the  latter  being  considered  as  the  purer  supply. 

In  1895,  the  Village  of  Nyack  held  an  election  to  determine  upon 
the  construction  of  a  municipal  plant.  The  vote  was  favorable,  and 
the  Board  of  Water  Commissioners  resulted.  The  writer  was  at  once 
appointed  their  engineer,  and  designed  a  distribution  system  which 
was  built  in  connection  with  the  sewerage  system,  which  caused  its 
rather  hasty  consideration,  as  the  pijjes  were  laid  on  a  shelf  at  the  side 
of  the  sewer  trench.  A  search  was  then  instituted  for  a  sujjply  of  water. 
Various  nearby  supplies  were  investigated,  and  finally  a  test  was  made 
by  driven  wells  in  the  red  sandstone,  along  the  shore  of  the  Hudson 
River  in  Upper  Nyack,  out  of  which  many  springs  were  flowing. 
These  wells  were  in  quarry  sites  worked  many  years  ago,  but  long  since 
abandoned.  The  springs  from  the  various  strata  had  been  flowing, 
without  any  appreciable  loss,  for  a  long  time,  and  seemed  to  promise 
results  satisfactory,  both  as  to  quantity  and  quality.  Three  wells,  each 
8  ins.  in  diameter,  were  contracted  for  at  a  price  per  foot  which  left  to 
the  Water  Commissioners  much  latitude  as  to  the  depth  and  the  final 
number  of  wells  to  be  driven.  The  depth  of  the  deepest  well  was 
285  ft.  and  that  of  the  remaining  two  very  much  less,  when  a  test  was 
instituted,  at  first  with  the  barrel  pump  owned  and  operated  by  the 
contractor,  but  this  having  a  capacity  of  only  100  galls,  per  minute, 
the  writer  advised  the  Commissioners  to  apply  a  more  thorough  test, 
and  succeeding  in  getting  the  necessary  plant  to  pump  by  the  use  of 
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Mr.  Haring.  comijressed  air.  Tliis  test  was  continued  without  intermission  for  one- 
week,  the  quantity  pumped  averaging  more  than  100  galls,  per  minute 
during  the  whole  of  that  j^eriod.  Measurements  were  made  from  time 
to  time  by  which  the  depression  of  the  water  table,  both  in  the  well 
pumped,  and  in  each  of  the  other  wells  was  recorded,  and,  previous- 
to  the  constant  pumping,  the  length  of  time  taken  by  the  water-table 
to  recover  its  normal  height  was  also  noted.  For  six  days  the  test,. 
both  as  to  quantity  and  quality,  seemed  to  be  satisfactory,  but  upon 
the  seventh  day,  when  it  was  proposed  to  end  the  test,  a  sample  of 
water  taken  for  analysis  was  found  to  be  salt.  It  would  be  diffi- 
cult to  determine  at  what  time  during  the  test  the  water  became  salt. 
It  is  a  fact  that  people  were  using  the  water  pumped  during  the  whole 
time  the  test  was  being  made,  and  that  during  that  time  a  local  chemist 
was  analyzing  the  water  for  his  own  information,  but,  until  the  time 
mentioned,  there  was  no  discovery  of  the  fact  that  the  water  was  salt. 
The  probability  is  that  the  salt  water  came  in  very  gradually  as  the 
elevation  of  the  water-table  was  lowered,  the  latter  finally  reaching  a 
point  below  that  of  the  bottom  of  the  river,  the  ordinary  high  water 
line  of  which  was  aboiit  35  ft.  distant  from  the  well  tested.  The  shore 
was  a  continuation  of  the  red  sandstone  for  a  considerable  distance 
out,  and  was  covered  not  by  silt,  as  had  been  supposed,  but  by  gravel 
and  coarse  sand  only. 

After  this  attempt  failed,  a  gravity  supply  from  Spring  Valley, 
about  8  miles  to  the  west,  was  investigated  and  practically  decided 
upon.  The  supply  came  from  a  sparsely  settled  territory  and  from 
various  small  streams,  one  of  which  was  gauged  by  the  10-in.  meter 
now  in  use  at  the  ^jumping  station. 

During  the  early  oijerations  of  the  Water  Commissioners  it  was  an 
open  question  as  to  whether  or  not  they  would  take  proceedings  to 
condemn  the  private  water  company's  plant.  They  construed  the  law 
as  being  adverse  to  any  attempted  negotiations  for  its  purchase  at 
private  sale,  even  though  an  amicable  adjustment  could  have  been 
arranged,  which  was  doubtful,  pojiular  sentiment  in  the  village  being 
adverse  to  such  acquisition;  but  it  was  finally  determined  to  take  such 
action  because  of  the  immediate  revenue  to  be  derived  therefrom,  and 
also  because  of  the  franchises  and  distribution  in  the  adjoining  villages 
of  Upper  Nyack  and  South  Nyack.  Proceedings  were  begun,  and  a 
lengthy  litigation  before  Commissioners  of  Appraisement  ended  in  the 
acquisition  of  the  private  plant,  but  at  a  valuation  so  high  that  the 
available  appropriation  was  insufficient  to  jiay  the  cost  of  carrying  out 
the  gravity  supply  scheme. 

During  the  time  proceedings  of  condemnation  were  in  progress,, 
the  Commissioners  had  paralleled  the  mains  of  the  company  in  the 
village  with  a  materially  larger  and  more  complete  system. 

One   of  the   elements   of  the  condemnation  proceedings  was   the 
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attempt  oi"  the  Water  Commissiouers  to  prove  the  Hackeusack  River  Mr.  Hariap. 
supply  to  be  of  objectionable  quality.  This  was,  in  part,  admitted  by 
the  company,  and  the  attempt  was  met  by  showing  that  the  supply 
could  be  filtered  at  small  cost,  thereby  overcoming  that  objection. 
The  exi)erts  for  the  company  were  John  Bogart,  M.  Am.  Soc.  C.  E  ;  W. 
F.  Whittemore,  Assoc.  M.  Am.  Soc.  C.  E. ,  and  Mr.  Joseph  B.  Rider. 
These  experts  (with  the  exception  of  Mr.  Whittemore,  who  gave  tes- 
timony on  the  cost  of  a  filter  located  on  the  hill  and  constructed 
near  one  of  the  reservoirs,  but  made  no  recommendation  as  to  site), 
selected  as  the  site  of  the  filters,  not  the  high-service  reservoir, 
which  was  especially  brought  to  their  attention  as  a  suggested 
location,  but  a  place  near  the  old  pumping  station,  which  was  a 
few  hundred  feet  southeast  of  the  present  filters.  Later,  when  Allen 
Hazen,  M.  Am.  Soc.  C.  E. ,  was  consulted  with  regard  to  the  construc- 
tion of  a  filter  and  its  location,  he  also  advised  the  present  site,  or  one 
within  a  short  distance  of  the  site  selected,  the  reasons  given  for  such 
location  being  principally  its  proximity  to  the  pumping  station,  the 
facilities  for  obtaining  sand,  and  that  the  engineer  running  the  pumps 
could  regiilate  the  filters,  thereby  saving  the  cost  of  additional  labor 
in  operation,  the  approach  to  the  high-service  reservoir  being  some- 
what diflScult  and  the  cost  of  additional  land  at  that  point  being  also 
considerable.  The  writer  calls  special  attention  to  these  facts  because 
of  the  criticism  following  the  discovery  of  the  bad  bottom  alluded  to 
in  the  paper,  and  of  an  attempt  made  to  hold  him  and  the  Water  Com- 
missioners responsible  for  an  improper  location  of  the  filters.  Both 
acted  on  the  advice  and  best  judgment  of  the  exjjert  engineers  con- 
nected with  the  condemnation  proceedings  and  their  own  consulting 
engineer. 

When  the  contract  for  the  construction  was  let,  the  price  fixed  for 
the  excavation  was  29  cents  per  cubic  yard,  on  the  sui^position  by  the 
contractors  that  the  earth,  or  clay,  could  be  excavated  by  the  use  of  a 
centrifugal  pumj),  as  was  done  later  by  the  second  contractor  in  exca- 
vating in  the  curb  of  the  pure-water  well.  The  pump  was  put  on,  but 
the  attempt  to  take  out  the  clay  in  this  manner  was  a  failure;  the 
material,  to  use  the  contractors'  expression,  being  "too  much  like 
white  lead  to  make  it  soluble." 

Tests  were  made  over  both  sites  before  either  was  selected,  one 
being  at  the  old  pumping  station,  the  other  at  the  place  chosen.  A 
steel-pointed,  1-in.  round  iron  rod,  was  used,  and  was  both  churned 
down  and  driven  with  a  sledge  to  resistance.  The  results  of  these 
tests  were  reported  to  the  Water  Commissioners,  and  their  attention 
called  to  the  fact  that  they  were  not  satisfactory;  they  were,  however, 
all  that  were  attempted,  excejit  the  test  excavations  mentioned  later, 
until  the  conditions  described  by  the  aiithor  occurred,  after  which, 
as  stated  by  him,  tests  were  made  pn  short  cross-sections  to  the  north 
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Mr.  Haring.  and  west  of  the  excavation.  The  results  of  the  latter  tests  showed  a 
stratification  of  small  boulders  and  gravel  sloping  from  west  to  east, 
and  from  south  to  north,  the  strata  seeming  to  rise  to  quite  near  the 
surface  of  the  meadow  at  a  point  about  25  ft.  west  of  the  west  line  of 
the  excavation.  This  fact  led  Mr.  Hering  to  recommend  that  the  loca- 
tion of  the  filters  be  changed  by  placing  them  that  distance  to  the 
west.  On  the  lines  of  that  suggestion  the  location  of  the  pure- water 
well  was  changed,  which  accounts  for  its  apparently  angular  position 
with  reference  to  the  filters.  The  iron  rod  used  in  testing  the  site 
came  to  absolute  resistance  repeatedly  in  the  last  test,  and  upon 
being  withdrawn  was  frequently  found  to  be  much  bent,  yet,  when 
the  clay  and  gravel  was  excavated,  and  on  account  of  the  puddling 
caused  by  teams  passing  over  it,  the  bottom  of  the  excavation  became 
semi-liquid,  thus  proving  that  nothing  short  of  deep  test  pits 
could  have  shown  exactly  the  character  of  the  bottom  at  the  depth 
required.  Before  the  site  was  purchased,  test  jiits  were  dug  to  such 
dei^th  as  was  possible  without  pumping  ajDiiliances,  but  they  were 
too  shallow  to  afford  material  information.  The  geological  forma- 
tions, afterward  considered,  were  generally  adverse  to  the  selection  of 
the  site. 

Complications  with  the  contractors  led  the  Water  Commissioners 
to  retain  the  original  location  of  the  filters  as  shown  on  the  plans,  and 
they  w^ere  constructed  on  that  site. 

From  the  time  bad  bottom  was  discovered,  the  writer  has  been 
under  the  belief  that  it  would  be  difficult  to  prevent  separation  taking 
place  in  the  concrete  along  the  edges  of  the  floor  adjoining  the 
stringers  and  board  covering.  The  placing  of  unequal  weight  by 
careless  handling  of  the  sand  in  first  filling,  or  afterward  in  cleaning 
the  filters,  will  be  found  to  be  a  dangerous  element  in  affecting  this 
result;  or,  wdth  the  semi-liquid  earth  forming  the  bottom,  on  which 
the  1-in.  flooring  used  for  the  area  of  the  filters  alone  rests,  may 
accomjilish  this  also  by  the  wave  action  due  to  unequal  loading,  which 
was  constantly  in  evidence  during  the  operations  of  the  first  con- 
tractor. Its  dangerous  character  is  shown  by  the  sjiring  described  in 
the  paper.  The  first  appearance  of  this  spring  was  the  result  of  a  test 
hole.  When  the  rod  was  withdrawn  a  stream  of  water  spouted  up 
some  distance  above  the  surrounding  bottom,  and  it  in  time  became  an 
enlarged  boiling  spring.  During  the  writer's  connection  with  the 
work,  which  ended  in  May,  1898,  and  while  the  excavation  was  free 
from  water,  this  spring  continued  to  be  active,  and  was  only  one  of 
several  evidences  that  an  underground  flow  of  water  was  sealed  up  by 
the  clay  bottom  only  a  very  short  distance  below  the  point  reached  by 
the  excavation.  It  would  not  be  surprising  to  find,  when  the  filters 
are  emptied,  that  cracks,  admitting  considerable  unfiltered  water,  exist 
along  these  lines,  and  that  in  time  they  may  become  very  troublesome. 
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The  writer  questions  the  advisability  of  the  cbanRe  in  Mr.  Hazen'B  Mr.  HarinR. 
plans,  from  a  vertical  wall  of  brick  to  a  slope  covering  of  concrete 
fuceil  witb  brick.  The  embaukuieut  material  is  especially  subject  to 
upheaval  by  frost,  the  angle  of  slope  and  the  reduced  thickness  of  the 
concrete,  while  it  economizes  cost  somewhat,  seems  to  the  writer  to  do 
so  with  the  loss  of  stability. 

It  may  be  interesting  to  note  the  writer's  experience  in  endeavoring 
to  have  brick  of  proper  quality  selected  for  use  under  the  original 
contract.  Mr.  Hazen's  speciticatious  reijuii-ed  the  use  "of  the  best 
quality  of  hard-burned  brick,  burned  entirely  through  and  of  uniform 
shape  and  size."  The  contractor  purchased  and  brought  uj^on  the 
ground  brick  of  a  quahty  which  the  writer  refused  to  accept  for  the 
jjumping  station  structure,  and  would  not  consider  at  all  for  the 
filters.  He  condemned  the  brick,  and  the  matter  was  appealed  to  the 
Water  Commissioners,  and  by  the  writer  to  the  Consulting  Engineer, 
Mr.  Hazen,  who  declined  to  pass  upon  the  matter  as  not  connected 
with  his  duties.  In  this  condition  matters  remained  until  Mr.  Hering 
was  called  in.  He  at  once  sustained  the  writer,  and  the  brick  were 
rejected.  The  writer,  believing  at  all  times  that  vitrified  brick  with  a 
small  percentage  of  absorption  should  be  used,  at  least  for  the  facing 
of  the  walls  exposed  to  the  action  of  frost  by  the  fluctuation  of  the 
water  in  the  filters,  insisted  ui^on  their  purchase  and  use.  This  was 
opposed  by  some  of  the  Water  Commissioners,  and  consent  to  their 
use  could  not  at  first  be  obtained.  The  writer  then  personally  visited 
the  yards  manufacturing  the  best  hard  brick  at  Haverstraw,  obtained 
samples  of  their  brick  and  submitted  them  to  absorption  tests;  but 
finding  such  proof  unavailing,  he  sent  the  samples,  with  one  of  the 
inspectors  emjjloyed  on  the  work,  to  an  ice  plant  where  they  were 
submitted  to  alternate  freezing  and  thawing.  These  samples  were 
then  submitted  to  the  Commissioners,  and,  the  proof  being  then 
no  longer  to  be  disputed,  the  writer  was  ordered  to  purchase  vitrified 
brick  for  the  facing  of  the  exposed  walls,  and  the  best  obtainable  hard 
brick  for  the  interior  of  the  walls.  This  was  done,  and  all  the  brick 
requii'ed  for  the  completion  of  the  work  was  delivered  ujion  the  ground 
under  the  first  contract. 

During  all  the  writer's  operations  at  Nyack,  the  author  was  his 
assistant,  and  the  writer  desires  to  bear  testimony  to  his  painstaking 
efforts  to  bring  a  difficult  problem  (for  he  has  had  many  obstacles  to 
contend  with,  both  in  and  out  of  his  profession)  to  a  successful  con- 
clusion. 

James  H.  Fuertes,  M.  Am.  Soc.  C.  E.  (by  letter).— The  manner  in  Mr.  Fuertes. 
which  the  difficulties  encountered  in  making  the  excavations  for  these 
filters  were  overcome  is  interesting  and  instructive.     The  method  of 
construction,  however,  was  quite  costly,  the  amount  chargeable  to  the 
excavation,  sheet  piling,  foundation  piles  and  other  earth  work,  being 
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Mr.  Fuertes.  at  the  rate  of  about  330  500  -per  acre  of  filter  surface,  out  of  the  total 
cost  of  ^46  700  per  acre  for  the  filters  comialete. 

In  the  fall  of  1895  the  writer  visited  the  sewerage  works  at  Newport, 
Isle  of  Wight,  which  were  then  in  construction  under  the  direction  of 
Baldwin  Latham,  M.  Inst.  C.  E.  One  of  the  works  was  a  covered 
precii)itation  reservoir,  about  70  x  83  ft.  inside,  divided  by  longitud- 
inal walls  into  three  basins  each  22  ft.  wide.  The  conditions  were 
somewhat  similar  to  those  at  Nyack,  the  soil  being  a  sliijpery  clay 
with  a  strong  tendency  to  slide  and  cave,  the  ground-water  level  being 
several  feet  above  the  bottom  of  the  reservoir. 

The  method  there  successfully  adopted  was  to  first  build  the  side- 
walls,  on  wide  footings,  in  sheeted  trenches.  After  their  completion 
the  interior  was  excavated,  the  concrete  bottom  laid  and  the  partition 
walls  and  posts  for  supporting  the  roof  built  upon  it. 

A  description  of  the  method  used  in  building  the  dome  over  the 
filtered  water  reservoir  at  Nyack  would  be  of  much  interest.  A  little 
reservoir,  somewhat  similar  to  that  at  Nyack,  was  built  last  summer 
for  the  Tome  Institute,  at  Port  Deposit,  Md.,  under  the  writer's  super- 
vision. This  reservoir  was  circular  in  j^lan,  16  ft.  in  internal  diameter, 
and  had  a  capacity  of  5  000  galls.  The  side-walls  and  bottom  of  the 
reservoir  were  of  Portland  cement  concrete  6  ins.  thick,  and  the 
average  thickness  of  the  dome,  which  had  a  rise  of  2  ft.,  was 
about  5  ins.  Sheets  of  No.  10,  3-in.,  diamond,  expanded  metal  were 
built  in  the  walls,  bottom  and  dome  as  the  concrete  was  put  in 
place.  The  dome  was  turned  on  a  mound  of  earth,  built  upon  a 
platform  erected  inside  of  the  reservoir,  and  tamped  and  trimmed  to 
the  proper  shajie.  The  earth  mound  was  covered  with  heavy  build- 
ing paper  before  laying  the  concrete.  When  the  centering  was 
removed,  the  dome  was  found  to  be  perfect  in  form  and  smooth  on  the 
interior  surface,  thus  justifying  the  methods  used.  The  total  cost  was- 
about  $250. 

GusTAVE  Kaufman,  M.  Am.  Soc.  C.  E. — The  speaker  desires  to  be 
enlightened  as  to  why  it  was  deemed  necessary  to  locate  this  filter 
below  high  water,  and  thus  require  a  deep  excavation  in  swampy 
ground,  to  do  which  difficulties  might  have  been  exj^ected  to  be 
encountered?  Why  was  not  the  filter  placed  a  great  deal  higher,  and 
a  small  centrifugal  pumj)  used  to  deliver  the  river  water  to  the 
filter? 

In  the  absence  of  information  or  reason  to  the  contrary,  it  would 
appear  that  islacing  the  filter  above  high  water  would  have  been  by 
far  the  better  arrangement.  A  large  amount  of  money  would  have 
been  saved  in  the  construction,  and  the  cost  of  pumping  would  not 
have  been  affected,  because  the  head  between  the  filter  and  the  village 
would  have  been  reduced  by  the  height  of  the  filter  above  the 
ordinary  stage  of  the  river. 
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MoRiiis   Knowles,    Assoc.    M.    Am.    Soc.    0.    E.  — Mr.    Kanl'mau'H  Mr.  Knowles. 
rt'tuiirks   about  the  advantage  of  using  a  centrifugal  imni})  l)riug  to 
mind  an  occasion  of  tbe  use  of  such  a  i)unip  for  a  somewhat  0})})0- 
site  purpose,  namely,  that   of  pumping  water  ofl"  the  surface  of  the 
tilter. 

The  author  does  not  state  the  reason  for  placing  the  tilter  with 
the  water  level  below  that  in  the  river,  but  in  several  instances  it  has 
been  done  for  the  piirpose  of  saving  the  continuous  maintenance  cost 
of  pumping. 

As  is  i)robably  well  known,  the  filter  at  Lawrence,  Mass., is  placed 
in  such  a  manner  that  the  river  water  flows  to  it  by  gravity,  and,  thus 
far  in  its  history,  there  has  been  only  one  period  when  this  has  not  been 
possible.  This  was  during  the  cold  weather  in  January,  1900,  when, 
for  some  unusual  cause,  accompanying  long  continuous  dry  weather, 
like  holding  the  w^ater  back  in  some  of  the  storage  reservoirs  or  mill 
ponds  above,  the  river  was  so  low  that  it  was  not  possible  to  send 
enough  water  to  the  filter  to  supply  the  city's  use. 

Two  centrifugal  pumps  (8-in.  and  6-in.),  were  secured,  hurriedly 
jjlaced  in  position,  and  used  for  a  period  of  about  ten  days,  after 
which  the  water  level  arose,  and  ever  since  has  been  sufficiently  high. 
The  6-in.  pump  was  then  returned. 

At  about  this  time  it  was  thought  advisable  to  test  the  usefulness 
of  such  pumps  for  removing  the  water  from  the  surface  of  the  filter, 
when  desiring  to  draw  down  prior  to  scraping.  When  the  filter  is 
clogged  at  the  surface  and  needs  cleaning,  much  time  has  been  wasted, 
after  shutting  off  the  inlet  water,  and  before  the  water  has  drained  down 
into  the  body  of  the  sand  and  the  surface  is  dry  enough  to  work  upon. 
The  8-in.  j^ump,  therefore,  was  equipped  with  a  double  suction  and 
discharge,  together  with  suitable  valves,  so  that  water  could  be  drawn 
from  the  river  or  from  the  surface  of  the  filter  and  discharged  to  either 
the  filter  or  the  river,  as  might  be  desired. 

When  used  as  an  aid  in  draining  the  filter  the  advantage  is  so  mani- 
fest and  the  saving  in  time  so  great,  that  the  wonder  is  that  it  was  not 
put  into  practice  before.  Thus  the  pump  has  two  uses,  one  in  case  of 
emergency,  and  the  other,  originally  secondary,  but  now  the  regular 
one,  whenever  scraping  is  necessary;  and  the  investment  has  jsroven  a 
profitable  one. 

AiiiiEN  Hazen,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  describes  Mr.  Hazen. 
the  application  of  sand  filtration  to  a  small  water-works  jilant.  The 
original  plans,  which  were  drawn  by  the  writer,  showed  the  walls  of 
brick,  of  the  full  height  of  the  filter,  and  without  the  paved  slopes. 
The  arrangement,  in  this  respect,  was  much  like  that  of  small  filters 
of  the  Rumsen  Improvement  Company,  at  Red  Bank,  N.  J.,  which  had 
just  been  completed,  and  that  of  the  filters  of  the  Queens  County 
Water  Company,  at  Far  Rockaway,  Long  Island. 
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Mr.  Hazen.  The  general  location  of  the  plant  was  unquestionably  the  best. 
Xumerous  and  serious  difficulties  would  have  been  encountered  in 
putting  the  filters  on  the  hills  above  the  distributing  reservoirs,  and 
the  cost  of  pumping  to  filters  on  higher  ground  near  the  pumping- 
station  would  have  represented  more  than  the  interest  charges  on  the 
capital  required  to  put  them  below  the  river  level.  The  exact  site  was 
selected  by  Mr.  Haring,  after  making  soundings,  which  showed 
"very  firm"  material  at  depths  not  exceeding  6  ft.  This  site  was 
selected  because  of  the  convenience  of  getting  a  sidetrack  from  the 
raili'oad  to  it. 

The  method  of  construction  required  by  the  specifications  was  to 
lower  the  ground-water  level  at  the  site  to  a  point  below  the  founda- 
tions by  underdrains  placed  low  enough  to  accomplish  that  purpose, 
to  surround  the  site,  if  necessary,  with  sheet-piling,  and  to  hold  the 
Avater  at  that  level  until  after  the  completion  of  the  structures.  This- 
method,  ajjparently,  was  not  carried  out  at  first. 

The  writer's  connection  with  the  work  ceased  with  the  completion 
of  the  j)lans  and  specifications,  and  at  the  time  which  Mr.  Haring 
mentions,  in  speaking  of  the  brick,  he  was  not  in  any  way  con- 
nected with  the  work;  and,  while  he  expressed  a  willingness  to  pasa 
ujjon  the  brick,  he  was  not  willing  to  do  so  under  the  conditions  sug- 
gested by  Mr.  Haring. 

Mr.  Tribus.  Louis  L.  Tklbus,  M.  Am.  Soc.  C.  E.  (by  letter). — The  author  has 
presented  a  very  clear  and  full  summary  of  the  main  events  and  chief 
facts  attending  the  construction  of  the  Nyack  sand  filters,  one  of  the 
closing  chaj^ters  in  a  series  of  incidents  interesting  to  the  onlooker, 
but  rather  trying  at  times  to  the  ijarties  directly  concerned. 

Taken  with  Mr.  James  S.  Haring's  discussion,  the  whole  Nyack 
water  question  has  been  outlined.  It  is  a  public  improvement,  which, 
with  the  sewerage  system,  has  been  followed  from  the  start  by  diffi- 
culties, political,  structural  and  legal. 

In  the  condemnation  i^roceedings,  for  acquiring  the  private  water 
plant,  the  writer  was  called  in  consultation  for  the  village,  and  his 
valuation  closely  approximated  the  award  finally  made  by  the  arbitra- 
tors. Mr.  Haring's  criticism  that  the  award  was  excessive  is  true,  per- 
haps, as  to  the  physical  value  of  the  plant  acquired,  but  there  was  a 
moral  obligation  or  value  which  it  was  only  proper  to  recognize;  a 
value  that  the  experts  for  the  company,  whom  Mr.  Haring  mentions, 
put  at  many  thousands  of  dollars  more  than  the  arbitrators  thought  wise 
to  grant. 

The  questions  of  new  supi^ly  and  filtration  were  not  brought 
before  the  writer  at  the  time  of  the  proceedings,  only  existing  con- 
ditions being  discussed. 

About  two  years  later,  when  the  resumption  of  work  was  considered 
on  the  previously  begun  and  practically  abandoned  filter  plant,  the 
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writer  waa  apain  called  upon,  this  time  to  take  cousiilting  sniiervision  Mr.  Tribus. 
of  eoustruftiou,  the  autlior  eoutiiuiiuf^  as  tliedireet  Exeeiitive  Eugiueer 
of  the  Board  and  Sui)erintendout  of  the  water  j)laut. 

Various  amendments  to  the  original  plans  seemed  advisable, 
though  the  essential  points,  as  designed  by  Mr.  Allen  Hazen, 
remained  unchanged. 

The  springs  that  broke  out  in  several  places  in  the  floor  area, 
naturally  gave  much  concern,  and  received  much  attention  during 
construction,  as  to  their  flow,  head  and  jjermanence. 

Examination  of  the  floor  and  walls  after  the  springs  were  shut  off, 
failed  to  And  any  breaks  or  cracks,  even  when  one  of  the  filters  was 
loaded  with  its  quota  of  broken  stone,  gravel  and  sand,  thus  bringing 
nearly  the  maximum  unequal  strain  on  the  foundation  stratum,  the 
other  bed  remaining  practically  unloaded  at  the  time. 

To  avoid  as  much  of  the  upward  pressure  as  possible,  was  one  x-ea- 
son  for  sloping  the  banks  instead  of  retaining  the  vertical  walls,  with 
consequently  heavier  embankments;  the  other,  economy,  in  saving  the 
borrowing  of  earth  beyond  that  from  the  filter  bed  area,  and  the  lesser 
cost  of  even  the  substantial  concrete  and  brick-paved  slope  over  verti- 
cal walls  of  sufficient  weight  to  hold  the  banks  securely. 

It  is  unlikely  that  as  the  work  stood  intact  in  its  construction  stage, 
when  the  whole  was  fairly  saturated  with  successive  rains,  that  in  its 
completed,  settled,  graded  and  well-drained  condition,  any  harm  will 
come  to  it,  as  has  been  intimated;  unless  some  near-by  j^lot  should  be 
excavated  to  considerable  depth  for  foundations  or  other  purpose; 
not  a  likely  contingency. 

The  clear-water  well  had  been  partly  built  at  the  first  construction 
time,  some  10  ft.  or  so  of  the  brick  curbing  being  in  place;  in  the  months 
intervening  before  work  was  again  commenced,  this  curb  careened 
in  the  soft  soil,  until  very  seriously  out  of  plumb.  By  careful  load- 
ing on  the  high  side,  however,  and  dredging  out  beneath  the  curb  on 
the  same  side,  the  whole  structure  was  gradually  brought  back  to  line 
without  a  crack  developing;  rather  a  neat  piece  of  work. 

It  is  to  be  regretted  that  regular  analyses  of  the  raw  and  filtered 
waters  are  not  being  made,  for,  while  the  general  public  may  rest  content 
with  a  water  freed  from  its  sedimentary  matters,  and  probably,  it  is  sup- 
posed from  analogous  cases,  from  undesirable  bacteria  as  well,  it  is  of 
real  value  to  the  public  to  have  results  knowTi  and  recorded,  whenever 
conditions  have  warranted  the  actual  construction  of  purification  works. 

Monthly  analyses  would,  in  regular  conditions  of  operation,  be  suf- 
ficient, with  others  made  at  the  time  of  any  special  disturbance.  This 
would  not  entail  any  great  annual  expenditure,  but  might  be  produc- 
tive of  much  good;  they  certainly  would  add  to  the  as  yet  small  stock 
of  similar  knowledge.  Perhaps  the  authorities  will  yet  see  their  way 
clear  for  such  investigations. 
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3lr.  Houston.  G.  N.  HOUSTON,  Assoc.  M.  Am.  See.  C.  E.  (bj  letter). — In  his  dis- 
cussion, Mr.  J.  S.  Haring  calls  attention  to  the  unequal  loading  of  the 
bottom  while  filling  the  filters  with  sand.  That  no  serious  trouble 
should  be  anticij^ated  from  this  cause  will  be  evident  from  the  follow- 
ing: The  maximum  inequality  of  loading  took  place  when  placing  the 
sand.  This  amounted  to  330  lbs.  per  square  foot,  or  less  than  the 
increase  of  pressure  caused  by  a  man  walking  on  the  concrete  bottom. 

Again,  as  the  operation  of  filling  occupied  more  than  a  month,  any 
uneven  settlement  would  have  occurred  while  it  was  in  progress,  for, 
when  completed,  there  was  no  unequal  loading.  As  there  was  no 
visible  rising  of  the  unloaded  i^ortion,  it  is  fair  to  assume  that  there 
was  no  serious  settlement  of  the  loaded  portion.  The  actual  load  on 
the  bottom  is  about  900  lbs.  per  square  foot.  Assuming  the  angle  of 
repose  of  the  material  as  10^,  Rankin's  formula  gives  2  000  lbs.  per 
square  foot  as  the  safe  load. 

The  conditions  whic-h  led  to  the  changing  of  the  vertical  walls  to 
slope  leaving  were  as  follow:  When  the  jolans  were  being  prepared  for 
resuming  the  work  of  construction,  it  was  found  that  the  banks  of  the 
excavation  above  the  sheeting  were  eroded  to  a  slope  varying  from  3 
to  1  to  2  to  1,  and  that  the  quantity  of  material  to  be  excavated  would 
not  be  sufficient  for  the  jsroposed  embankment.  As  material  to  make 
up  this  deficiency  would  cost  from  60  to  80  cents  i:)er  cubic  yard,  it 
was  proposed  to  change  the  vertical  wall  to  slope  paring,  thus  saving 
^  cu.  yd.  per  linear  foot  of  wall  at  70  cents  per  yard,  or  23  cents. 
This,  with  71  cents  per  linear  foot  in  favor  of  slope  paring,  made  a  total 
saving  of  94  cents  per  running  foot  of  wall.  This  slope  paving  was 
practically  completed  in  November,  1899,  and  has  been  through  two 
severe  winters  without  showing  any  signs  of  lack  of  stability,  and  is 
in  excellent  condition. 

The  method  of  building  the  enclosing  walls  in  sheeted  trenches,  as 
described  by  Mr.  James  H.  Fuei-tes,was  suggested  to  the  first  contractor 
and  his  engineer  during  the  early  i3art  of  the  work,  but  was  not  adopted 
by  them. 

The  dome  of  the  pure-water  well  was  built  on  centering  composed 
of  40  ribs  radiating  from  a  2-ft.  cylinder  at  the  crown.  These  ribs 
were  sawed  to  the  proper  arc  from  2-ia.  plank,  and  notched  so- as  to 
rest  on  the  inner  edge  of  well.  The  12-in.  dome  was  built  on  this, 
after  covering  it  with  small  boards.  No  supports  were  used  below. 
The  cost  of  this  centering,  in  place,  was  about  .f  60. 

As  Mr.  Hazen,  in  his  report  to  the  Commissioners,  does  not  dis- 
cuss the  i-elative  merits  of  supplying  the  beds  by  gravity  and  by 
low-lift  pumps,  but  simply  recommends  the  first  method,  the  writer 
cannot  state  the  oi'iginal  reason  for  so  locating  the  beds.  He  supposes, 
however,  that  it  was  to  avoid  the  maintenance  of  the  dujjlicate  centri- 
fugal pumping  plant  which  would  be  necessary.     The  filters  have  been 
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ruuiiiup:  I'ontinuonsly  since  they  were  completed,  ami  are  ftiviup  tlic  Mr.  Houston, 
village  excellent  water. 

Inasmuch  as  mention  has  been  made  of  legal  difliculties  in  connec- 
tion with  the  early  deveh)])ment  of  the  mnnicipal  sewer  and  water 
systems  of  Nyack,  it  may  he  of  interest  to  state  that  a  decision  has  just 
been  given  by  the  Keferee,  in  the  ease  of  the  Sewer  Contractors  vs.  the 
Village,  for  recovery  for  alleged  extra  work.  The  contractors  recover 
6800  of  84:1  000  for  which  they  sued,  none  of  the  amount  allowed  being 
disputed  by  the  village. 

The  writer  was  not  employed  in  connection  with  the  filter  construc- 
tion until  after  the  site  had  been  selected  and  ground  broken.  In  the 
light  of  the  discussions,  however,  it  seems  evident  that  the  difficulties 
met  in  the  early  part  of  its  construction  may  be  traced  to  two  causes: 

1. — The  time  allowed  the  engineer  in  which  to  make  an  examination 
of  the  proposed  site  was  not  sufficient  to  enable  him  to  determine  the 
exact  character  of  the  materials  to  be  excavated  and  the  conditions  to 
be  met. 

2. — The  contract  was  let  to  a  man  with  an  abundance  of  good  inten- 
tions, very  little  capital  and  less  experience.  Had  the  first  contract 
been  let  to  a  thoroughly  experienced  contractor,  the  filters  would  have 
been  completed  at  a  much  lower  figure. 

The  importance  of  periodic  bacteriological  examinations  of  the  raw 
and  filtered  waters  is  realized  by  the  writer,  but  he  has  not  yet  been 
able  to  arrange  for  them,  and,  as  he  has  already  resigned  as  Superin- 
tendent and  Engineer  of  the  Board,  he  hopes  that  his  successor  may 
soon  be  provided  with  the  means  for  carrying  them  out. 

The  writer  wishes  to  acknowledge  the  hearty  support  and  co-opera- 
tion given  him  by  the  Board  of  Water  Commissioners,  and  also  the 
courteous,  careful  and  workmanlike  manner  in  which  the  second  con- 
tractors, Messrs.  James  Duell  &  Co.,  of  Tarrytown,  N.  Y.,  carried  on 
the  work,  and  which  contributed  largely  to  its  successful  completion. 
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WITH  DISCUSSION. 

The  writer  chanced  to  become  engaged  practically  in  the  preser- 
vation of  railway  ties  by  chemical  injections,  in  consequence  of  his 
having  acted  as  a  member  of  the  Committee  which  reported  to  this 
Society  on  "The  preservation  of  timber,"  June  25th,  1885.  Having 
continued  in  the  business  fourteen  years,  he  felt  the  need  of  informa- 
tion concerning  many  anomalies  which  had  puzzled  him,  and  thought 
it  desirable  that  he  shotild  investigate  the  experience  and  methods  of 
doing  the  best  work  in  Europe,  where  the  industry  has  been  carried 
on  for  the  last  sixty  or  seventy  years.  He  accordingly  went  abroad 
in  October,  1899,  and  proposes  to  give  to  this  Society  some  of  the 
results  of  his  enquiries  in  three  different  countries.  The  same  methods 
are  practised  in  the  other  countries  of  Europe. 

Great  Britain. 

England  took  the  lead  in  preserving  timber  by  chemicals  more 
than  one  hundred  years  ago.     Her  wooden  ships  forced  this  subject 
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upon  the  attention  of  her  builders  and  chemists,  and  thousands  of 
experiments  were  tried  with  scores  of  substances.  M.  Paulet,  in  his 
book,  "Conservation  des  Bois,"  enumerates  173  jirocesses  or  methods. 
Most  of  them  have  proved  failures,  but  some  four  or  five  proved  to 
have  value,  as  stated  in  the  report  of  the  Committee  to  this  Society 
in  1885. 

These  four  or  five  processes  were  brought  into  practical  use, 
especially  after  the  "  Railway  Era  "  rendered  the  preservation  of  ties 
an  important  economy,  but  all  antiseptics,  save  tar-oil,  have  now 
been  abandoned  in  England,  where  "creosoting,"*  so-called,  has 
grown  to  be  recognized  as  the  best  process  to  use.  Practically  all 
the  ties  (they  call  them  sleepers)  now  laid  in  Great  Britain  are  treated. 
A  few,  cut  in  Scotland,  are  laid  m  their  natural  state,  but  at  least  90%" 
are  imported  and  creosoted. 

Mr.  S.  B.  Boulton,  author  of  a  paper  awarded  the  Telford  medal 
by  the  Institution  of  Civil  Engineers  in  1884,  and  universally  recog- 
nized as  the  best  British  authority  on  the  subject:  Mr.  A.  Boss.  Chief 
Engineer  of  the  Great  Northern  By. ;  Mr.  C.  L.  Morgan.  Engineer  of  the 
London,  Brighton  <fc  South  Coast  By. ;  Mr.  Harry  Footner,  Engineer 
of  the  London  k  North  Western  By.,  and  others,  have  kindly 
furnished  the  writer  with  data  concerning  modern  British  practice, 
from  which  the  following  account  has  been  compiled. 

Almost  all  the  sleejiers  are  of  "Baltic  redwood"  from  Bussia, 
Sweden  and  Norway.  They  are  cut  in  the  late  autumn  or  winter,  and 
summer  cutting  is  generally  barred  in  the  specifications.  The  tie 
makers  are  generally  engaged  in  farm  work  during  the  summer. 
When  the  spring  and  summer  floods  occur,  the  sleepers  are  floated 
and  rafted  down  the  streams  to  the  shipping  ports,  much  of  the  sap 
being  washed  out  by  this  j^rocedure.  The  logs  or  ties  are  then 
shipped  to  English  ports,  arriving  some  four  to  six  months  after 
felling,  and  they  are  frequently  left  to  soak  in  water  until  sawed. 
They  are  generally  imported  as  "Blocks"  or  "Balks,"  cut  to  a 
length  of  9  ft.,  and  squared  to  10  ins.,  requiring  sawing  in  two,  which 
many  railways  sjjecify  must  be  done  only  at  the  port  of  delivery. 
After  being  made  into  sleei^ers,  generally  8  ft.  11  ins.  long,  10  ins.  face 
and  5  ins.  thick,  containing  3.11  cu.  ft.,  they  are  stacked  in  cribs, 
with  4-in.  spaces  between  the  sleepers  and  with  sloping  top  layers, 

*  Creosote,  properly  so-called,  is  a  medicinal  product  of  vegetable  distillation. 
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and  allowed  to  season  from  4  to  6  months  more.  Thus  they  are  from 
10  to  12  months,  and  sometimes  18  months,  old  when  "creosoted." 

Many  of  the  railways  have  their  sleepers  adzed  and  bored  for  the 
fastenings  by  machinery  before  creosoting,  while  others  do  this  by 
hand  in  laying.  It  is  conceded  that  boring  before  treatment  is  good 
practice,  but  sometimes  inconvenient  when  several  patterns  of  chairs 
are  used. 

The  specification  for  creosoted  sleepers  of  the  London,  Brighton 
&  South  Coast  Ry.  is  given  herewith,  in  Aj)pendix  A,  as  fairly 
representing  British  practice.  The  mode  of  injection  is  practically 
the  same  on  all  roads;  the  "  Bethell "  process  is  used,  in  which  there 
is  no  jjrevious  steaming,  as  the  sleepers  are  already  well  cleared  of 
sap,  and  seasoned,  but  the  quantities  of  tar-oil  injected  and  the 
results  differ  a  little  on  various  roads. 

From  an  elaborate  report  of  M.  V.  Herzenstein,  presented  to  the 
International  Railway  Congi'ess  in  London,  1895,  giving  data  obtained 
from  about  half  of  the  British  railways,  Table  No.  1  has  been  compiled 
by  the  writer.  The  kind  of  timber  is  omitted,  as  it  is  almost  all  "red- 
wood"; and  the  reported  cost,  reduced  to  our  money,  is  only  appli- 
cable where  long  contracts  previously  existed,  as  tar-oil  has  much 
advanced  in  price  since  1894,  when  the  data  were  gathered.  This  advance 
has  been  due  to  its  increasing  recognition  as  the  best  timber  preserva- 
tive. Some  years  ago  it  was  so  cheap  that  it  was  used  as  fuel,  and 
while  the  normal  price  in  England  (so  far  as  a  fluctuating  commodity 
can  be  said  to  have  a  normal  price)  was  about  4  cents  j^er  gallon,  it  is 
now  7  cents  per  gallon,  hard  to  find,  and  with  indications  of  going 
higher.  The  i^resent  price  increases  the  cost  of  creosoting  very  ma- 
terially from  the  prices  given  in  the  table. 

Most  of  the  railways  are  getting  their  creosoting  done  by  contract, 
but  the  London  and  Northwestern  is  doing  its  own  work,  and  reports 
the  cost  at  20  to  25  cents  jser  sleeper.  It  also  reports  the  longest  life 
(16  to  20  years),  save  the  London,  Tilbury  and  Southend,  which  is  a 
small  road,  of  light  traffic.  The  British  are  not  injecting  nearly  as 
much  tar-oil  as  the  French  roads,  and  they  obtain  a  lesser  life,  as  will 
be  shown  later. 

Many  of  the  results  obtained  with  sleepers  in  England  are  due  to 
the  system  of  track.  The  rails  are  of  the  "  Bull-head  "  type,  laid  on 
chairs  with  about  108  sq.  ins.  of  bearing  surface,  and  hence  there  is  no 
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TABLE    No.   1. — Absthact  of  Answers  op  British   Rajlways  to 
Mr.  Herzenstein. 


Riiihvav. 


I 


II.... 
III... 
IV.... 
V 

^^.... 

VII... 
VIII.. 

IX.... 

X.... 

XI.... 
XII... 

xin.. 

XIV.. 
XV.. 


Number  of 
sleepers 
annually 
renewed 


Belfast  and  N.  Coun- 
ties Ry 

FurnessRy ;       ^^  ppQ 

HaU  Barnoley  Ry . . .    (  4  000  to 

i  1     24  000 

Great  Eastern  R  v . . .    ( 00  000  to 

\  100  000 

Great  Northern  Ry. .  

Great     Southern  I 

and  Western  Ry.  \  , 

London  and  North  { 

Western  Ry ) 

London  and  South  ( 

Western  Ry f 

London,      Tilbury  I 
and  Southend  Ry.  \ 

Manchester  S.  and 
L.  Ry 

Midland  Ry 


300  000 
170  000 


Variable. 


,20  per  mile 


North  British  Ry. . 
North  London  Ry. 
South  Eastern  Ry. 
Tafl  Vale  Ry 


97  000 
17  000. 


Process  of 
preserva- 
tion. 


Creosoting, 


Amount 
injected. 


o 


j  1  gall,  per  \ 
I  cubic  foot,  t 
(  8  lbs.  per  | 
)  cubic  toot,  f 
j  8  lbs.  per  [ 
I  cubic  foot.  ) 
j  2J  galls,  per  I 
■(  ■  tie.  ( 
(  0.7  gaU.  per  I 
I  cubic  foot.  \ 
j  3J  galls,  per  ( 
1  '  tie.  f 
1  30  lbs.  per  1 
1  tie.  ) 
i  2i  galls,  per  I 
"I  ■  tie.  f 
(  7  to  10  lbs. 
<  per  cubic  J- 
/  foot.  ) 
J  10  lbs.  per  ( 
I  cubic  foot,  j 


(  1  gall,  per  ) 
I  cubic  foot.  ) 
(  28  lbs.  per  I 
1  tie.  f 
(  28  lbs.  per  j 
■|  tie.         f 

( IJgalls.  per  I 
(  cubic  foot,  f 


9-ir*. 


18 


14 


12-15 
12 


16-20 
12 

25-30 

16 


Cause  of 
failure. 


15 
8-9 

30     j     15 


Splits. 


Wear. 


Wear. 

Wear  & 

splits. 

Decay, 
etc. 

40.V    De- 
cay. 


Wear. 

Natural 
causes. 


Particular  attention  is  called  to  the  quantities  (28  to  30  lbs.)  of  creosote  injected  per 
tie.  The  creosote  used  practically  conforms  to  the  specifications  of  Dr.  Tidy,  published 
in  Mr.  Boulton's  paper,  of  1884,  and  is  to  be  entirely  free  from  water,  bone  oil,  shale  oil, 
or  other  inferior  oils. 

cutting  bv  the  foot  of  the  rail.     The  fastenings  consist  of  trenails,  of 

Tound  drift  bolts  called  spikes,  and  of  lag  screws,  and  are  thoroughly 

effective. 

France. 

France,  which  was  once  so  abundantly  wooded,  has  been  partly 
•denuded,  the  present  area  of  the  forests  being  estimated  at  about  one- 
fifth  of  what  it  was  in  the  days  of  Julius  Ceesar.  The  forests  have, 
moreover,  been  culled,  yet  they  furnish  about  3  000  000  ties  annually 
to  the  French  railways,  leaving  about  1  000  000  to  be  imported.  Of 
the  aggregate  about  2  600  000  ties  per  annum  are  now  consumed  in 
renewals,  and  it  is  a  notable  feature  that  the  number  renewed  has  been 
diminishing  for  the  past  15  years,*  in  sjiite  of  the  fact  that  the  mileage 
to  be  maintained  has  been  constantly  increasing. 

*  The  renewals  averaged  3  072  605  ties  per  annum  for  the  eight  years  1878  to  1885 
inclusive.— H.  Mathieu,  in  Revue  Generale  des  Chemins  de  Fer,  August,  1887. 
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This  result,  which  has  been  estimated  as  producing  an  annual 
economy  of  about  $3  000  000  to  the  French  railways,  has  been  wholly 
due  to  the  impregnation  of  the  ties  and  to  constant  improvements  in 
the  processes.  The  French  began  treating  wood  about  1837  by  the 
"  Boucherie  "  jsrocoss  of  exjjelling  the  sap  by  hydraulic  pressure, 
using  sulphate  of  copjjer  as  an  antiseptic.  Many  of  the  railways  took 
this  up,  but  most  of  them  abandoned  it  about  1878,  and  the  only  road 
which  had  continued  the  use  of  this  substance,  the  "  Midi,"  has  now 
finally  given  it  up  in  favor  of  creosote.  The  latter  substance  is  now 
practically  used  exclusively  by  all  the  roads,  save  those  of  the  State,, 
which  use  a  mixture  of  chloride  of  zinc  and  creosote,  which  will  be 
more  fully  noticed  when  the  German  practice  is  described.  "Burnet- 
tizing,"  i.  e.,  the  injection  of  chloride  of  zinc  alone,  has  been  exten- 
sively used,  but  is  now  abandoned,  as  the  zinc  is  found  to  wash  out  in 
time,  especially  in  moist  situations. 

The  kinds  of  wood  used  in  renewals  and  construction  have  approxi- 
mately been  in  the  following  jDroportions:  Oak,  605*0  ;  beech,  22%;  pine 
and  sundries,  18  jier  cent.  Of  these,  the  supply  of  oak  is  diminishing, 
and  the  use  of  beech  and  pine  is  increasing.  Formerly,  the  creosotiag 
of  oak  was  confined  to  sappy  ties,  but  now  all  oak  is  treated,  although 
but  small  amounts  of  tar-oil  can  be  forced  therein.  The  quantities  of 
this  substance  injected  have  steadily  been  increased.  While  the  British 
railways  were  content  with  22  to  30  lbs.  per  tie,  the  French  railways 
injected  from  31  to  40  lbs.  in  beech  and  pine,  with  correspondingly 
better  results  in  duration,  and  they  have  lately  still  further  increased 
the  amounts.  Thus  the  "  Ouest  "  Railway  now  requires  44  lbs.  per 
tie  ;  the  "  Est,"  which  does  its  own  work,  injects  60  lbs.  of  tar-oil  per 
tie,  and  the  "  Paris,  Lyon  et  Mediterranee  "  follows  the  practice  of 
the  "Est." 

The  results  heretofore  attained  upon  the  French  railways  are  given 
in  Table  No.  2,  which  is  compiled  from  Mr.  Herzenstein's  report, 
already  quoted.  It  will  be  noticed  that  the  life  obtained  is  consider- 
ably in  excess  of  that  in  England,  and  is  nearly  in  direct  ratio  to  the 
quantities  injected  and  to  the  cost  incurred.  As  this  treatment  is 
applied  to  beech  ties,  which  cost  some  70  cents  each  unprepared; 
to  pine,  costing  60  cents  each,  and  to  oak,  costing  from  95  cents  to 
$1.10  each,  it  is  seen  that  thorough  injection  produces  important 
economies. 
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TABLE  No.  2. — Abstract  of  Answers  of  French  Railways  to  Mr. 

Herzenstein. 


No. 

Railway. 

u  3  aj 

^  C  5 

a  ts  0 
§«« 

Kind 

of 
wood. 

Process  of 
preserva- 
tion. 

Amount 
injected. 

a 

0,0 
o 

3 

Causes 

of 
failure. 

XXVII. . . 

State  

161  213 

Pine. 
Oak. 
Beech. 
Oak. 
Pine. 
Oak. 
Oak. 

Beech. 

Oak. 
Beech. 

Oak. 
Pine. 
Oak. 

Beech. 

( Zinc. 
1  Creosote. 
j  Zinc. 
1  Creosote. 

Creosote. 

None. 

( Sulphate 
t  of  copper 

Creosote. 

Creosote. 

(  Blythe 
1  Process. 

Creosote. 
Creosote. 

Creosote. 
Creosote. 
Creosote. 

Creosote. 

1  66  lbs.  per  tie. 
[  9  lbs.  per  tie. 

10-15 

Decay. 

XXVIII.. 
XXIX.... 

Eastern 

Meridional 

Southern 

356  650 

lO.V 
284  511 

60  lbs.  per  tie. 

42 

2^-30 

Wear. 

XXX 

(0.4  lb.  dry    I 
!   per  cubic    - 
(        foot.        i 
1 0.5  lbs.  per  1 
1        tie.          i 

11  lbs.  per  tie. 
-  24  lbs.  per  tie. 

(11-13      lbs.) 
1     per  tie.     ( 
J  31-83      lbs.  i 
1     per  tie.     ) 

12  lbs.  per  tie. 

J  35-14      lbs.  ) 
1     per  tie.      f 
1 10-11       lbs.  1 
\     per  tie.     f 

1 26-35      lbs.  1 
(     per  tie.     J 

11 

21 

30 
12 

8-10 
10-15 

15-20 

1&-25 

(?) 

15 

13-16 
12 

Prior 

to 
1890. 

Decay 
and 
Wear. 

Since  in- 

XXXI.... 

Northern 

285  000 

creased. 

Going 
over  to 
straight 

XXXII... 

Western 

242  050 

creosot- 

ing. 
Decay 

and 

Splits. 

Now    in- 

xxxm.. 

Orleans 

460  000 

ject  44 
lbs. 
Decay. 

xxxrv. . 

Paris,  Lyon  & 
Mediterranean 

700  000 

(?) 

Decay 
and 
cutting. 

Now 
copies 
Eastern. 

All  the  French  roads  but  one  have  been  creosoting  by  the  "  Bethell  " 
process.  The  exception,  the  "Nord,"  has  been  using  the  "Blythe" 
process,  which  consists  in  first  heating  the  wood  with  a  mixtitre  of 
steam  and  creosote  vajjor,  and  then  injecting  by  pressure  about  24  lbs. 
of  liquid  tar-oil  per  tie.  This  method  was  adopted  to  economize  the 
amount  of  this  costly  substance  used.  The  specifications  of  this  road 
are  given  in  Ajipendix  B,  but  the  Chief  Engineer  of  Maintenance 
of  Way,  Mr.  Agnellet,  when  handing  these  to  the  ^i-iter,  stated  that 
the  quantity  of  creosote  injected  had  lately  been  increased  to  35  lbs.  per 
tie,  and  that  the  present  cost  was  35.6  cents,  as  against  21  cents  per  tie 
in  1893.  The  road  will  probably  go  over  to  straight  creosoting,  and 
adopt  the  methods  of  the  "  Est  "  Railway,  which  is  recognized  as  doing 
the  best  work  of  that  kind. 
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The  "Est"  Railway  does  its  own  creosoting,  and  has  two  plants 
with  an  aggregate  capacity  of  over  500  000  ties  a  year.  It  purchases 
chiefly  oak  ties  (95  cents),  and  beech  ties  (65  cents),  upon  rigid  specifica- 
tions, carefully  enforced,  and  piles  them  up  at  its  works  to  season. 
The  piles  are  isolated  and  contain  100  ties  each,  with  10-in.  air  spaces  be- 
tween the  sticks,  and  the  top  layer  is  made  of  sawed  ties  laid  close  and 
sloping.  These  piles  are  inspected  from  time  to  time,  and  if  cracks 
appear  a  hooi>-iron  S  is  driven  in  at  the  end,  or  a  hole  is  bored  and  a 
bolt  with  washers  is  inserted.  Oak  ties  are  thus  seasoned  15  to  20 
months,  and  beech  ties  6  months  or  more,  and  are  further  desiccated 
before  treatment  in  special  drying  ovens  from  60  to  80  hours.  Re- 
peated weighings  show  that  the  oak  loses  16%  of  its  weight  in  12 
months,  and  2.7%"  more  in  the  drying  oven,  while  the  beech  loses  25%" 
in  10 J  months,  and  S.5%  more  in  the  ovens.  The  use  of  the  latter  is 
deemed  imjoortant,  not  only  to  expel  remaining  moisture  and  to  en- 
sure regularity  of  treatment,  but  to  obviate  the  chilling  of  the  hot 
tar-oil  upon  its  admission.  For  this  purpose,  the  ties,  loaded  upon 
buggies,  are  run  direct  from  the  ovens,  where  the  final  temperature 
is  176^  Fahr. ,  into  the  treating  retort,  whereupon,  without  previous 
steaming,  a  vacuum  of  26  ins.  is  i^roduced,  and  the  tar-oil  then  ad- 
mitted. Before  going  into  the  drying  ovens  the  ties  are  adzed  for  rail 
seat  and  bored  for  lag-screw  fastenings.  This  is  done  by  steam  ma- 
chinery, at  a  cost  of  2  cents  per  tie. 

The  time  occupied  by  a  treatment  is  2\  hours  for  oak  and  3  hours 
for  beech,  of  which  time  |  hour  is  under  a  pressure  of  75  lbs.  per 
square  inch  for  oak,  and  1  hour  of  the  same  pressure  for  beech,  the 
tar-oil  being  admitted  at  a  temperature  of  176^  Fahr.  Under  these 
conditions,  the  oak  ties  absorb  from  14.22  to  16.65  lbs.  of  creosote 
each,  and  the  beech  ties  take  from  59.40  to  66.60  lbs.  each.  More 
could  be  forced  into  the  latter,  but  this  has  been  found  sufficient, 
being,  it  will  be  noticed,  double  as  much  as  is  injected  in  England. 

Every  invoice  of  creosote  is  chemically  tested  at  the  works.  The 
requirements  are:  (1)  That  it  shall  be  greenish  in  hue.  (2)  Xajihtha- 
lene  not  over  S0%.  (3)  Distillation  not  to  begin  below  392^  Fahr. 
Moreover,  there  should  be  10%"  of  carbolic  acid  (and  attending  water) 
and  10°,^  of  green  oil,  the  density  of  the  whole  being  1.05  to  1.10 
specific  gravity.  This  tar-oil  comes  generally  from  the  Paris  Gas 
Co.,  but  the  specifications  cannot  be  rigidly  enforced  just  now,  for 
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tar-oil  is  so  source  that  the  engineers  Lave  to  accept  what  tbey  can 
{^et.  Tlio  total  cost  of  treatment  is  83.8  cents  jjer  tie  for  oak,  and 64.2 
cents  per  tie  for  beech,  as  stated  by  M.  V.  Dufaux,  Engineer  of  Main- 
tenance of  Way,  of  the  "  Est "  System,  who  kindly  gave  the  writer  bis 
elaborate  paper,  published  in  "  Rente  Gencrale  des  Chemiiis  de  Fer"  in 
January  and  March,  1898.  This  cost  is  abont  double  that  on  other 
roads,  but  the  results  are  corresi>ondiugly  good,  the  creosoted  oak 
lasting  25  years,  and  the  creosoted  beech  being  estimated  to  last  30 
years  in  the  track,  as  evidenced  by  data  for  27  years,  these  data  also 
showing  that  untreated  oak  lasts  about  15  years. 

The  road  uses  "  Vignoles  "  or  foot  rails,  and,  as  already  intimated, 
fastens  them  to  the  ties  by  lag-screws.  Tarred  tie-plates,  of  animal 
felt,  have  heretofore  been  in  use,  but  are  now^  replaced  by  creosoted 
poplar  tie-plates,  which  cost  less  than  1  cent  each,  and  are  said  to  be 
giving  i^erfect  satisfaction.  Two  dating  nails  are  driven  in  each  tie, 
one  at  the  works,  and  the  other  when  laid  in  the  track. 

Germany. 

By  far  the  largest  iiroportion  of  wooden  ties  laid  in  Germany  are 
home  grown,  and  almost  all  are  chemically  treated  before  laying.  The 
raw  ties  of  the  first  class  are  generally  8  ft.  10^  ins.  long,  10^  ins.  face 
and  6-i\  ins.  thick,  and  cost  SI.  32  to  ^1.49  each  for  oak,  and  82  to  90 
cents  for  pine.  White  beech  costs  about  81.00  per  tie,  and  red  beech 
is  in  controversy.  About  500  000  oak  ties  are  creosoted  annually,  and 
about  1  690  000  pine  ties  are  treated  annually  with  chloride  of  zinc 
and  creosote  for  the  Prussian  State  Eailway,  the  whole  of  Germany 
probably  taking  about  double  those  quantities.  The  German  specifi- 
cations are  very  strict,  and  the  raw  ties  are  minutely  inspected.  If 
there  are  incipient  cracks,  a  sharpened  band  of  hoop  iron,  bent  into 
the  shape  of  an  S  is  driven  in,  and  the  ties  are  piled  up  in  isolated 
piles,  well  ventilated,  to  season  in  the  receiving  yards  at  the  treating 
works.  There  they  remain,  with  casual  insjjection  and  more  driving 
in  of  S-ii'ons,  or  insertion  of  bolts  if  required,  from  8  to  12  months 
before  they  are  treated,  having  in  the  meantime  become  perfectly 
seasoned. 

At  the  beginning  of  the  "Kailway  Era  "  each  railroad  company  in 
Germany  erected  its  own  works  and  treated  its  own  ties,  either  with 
corrosive  sublimate,  with  sulphate  of  cojjper,  with  chloride  of  zinc  or 
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with  creosote,  but  gradually  there  was  an  evolution  which  curiously 
recalls  that  of  the  Pullman  Car  Company  in  the  United  States.  Mr. 
Julius  Riitgers'  father,  who  had  learned  the  business  in  some  French 
tie-treating  works,  erected  a  plant  or  two,  took  his  son  in  with  him, 
and  did  so  much  better  work  than  the  railroads  did  for  themselves 
that  the  business  gradually  came  into  his  son's  hands.  At  the  present 
time,  Mr.  Riitgers  controls  some  twenty  plants,  while  the  Prussian 
State  Railroad  has  four,  and  there  are  five  more  in  other  hands. 

The  general  oflScer  in  charge  of  maintenance  of  way  on  the  Prussian 
railways  told  the  writer  that  although  the  State  treated  ties  at  its  own 
works  somewhat  cheaper  than  Mr.  Rutgers,  yet  the  latter  had  so  much 
better  facilities  and  controlled  the  proper  quality  of  chemicals  so 
thoroughly,  that  it  was  preferred  to  give  him  most  of  the  work  by  con- 
tract, and  to  ojjerate  the  State  plants  as  a  check.  The  original  reason 
seems  to  havd  been  that  the  railways  which  did  their  own  work 
attempted  undue  economies  by  skimping  the  chemicals  and  employ- 
ing cheap  men,  while  Mr.  Riitgers  made  a  specialty  of  the  business. 

Corrosive  sublimate  and  sulphate  of  copper  are  now  practically 
given  up  in  Germany,  and  the  State  Railway  also  abandoned  Bumet- 
tizing  or  the  injection  of  chloride  of  zinc  by  itself  in  1897.  .  There  are 
now  three  processes  in  use: 

(1)  Impregnation  with  chloride  of  zinc  and  tar-oil. 

(2)  Creosoting  after  seasoning  and  drying  in  ovens. 

(3)  Creosoting  after  desiccation  in  hot  tar-oil. 

The  latest  German  specification  (1898)  for  the  first  and  third  of  these 
processes  is  given  in  Appendix  C.  The  method  of  desiccating  in  hot 
creosote,  although  introduced  by  Mr.  Riitgers,  was  originally  proposed 
by  Mr.  S.  B.  Boulton,  in  England,  in  1885. 

As  the  German  railways  did  not  answer  the  questions  of  Mr.  Herzen- 
stein,  no  such  tabular  statement  can  be  given  as  those  given  herein  for 
England  and  France,  but  through  the  kind  assistance  of  Mr.  Riitgers, 
of  Privy  Councillor  Wetz,  of  M.  F.  Holbein,  and  many  others,  the 
important  facts  were  gathered,  and  access  was  obtained  to  many  tie- 
treating  plants. 

The  most  notable  thing  in  Germany  is  the  jjainstaking  care  with 
which  every  ojDeration  is  performed.  The  ties  are  not  treated  until 
they  are  thoroughly  seasoned,  this  generally  taking  six  months  to  one 
year  after  cutting  and  piling  in  open  piles  in  the  yards,  most  of  which 
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yards  will  hold  one  year's  siipply.  The  chemicals  are  tested  con- 
stantly, a  laboratory  beiuj^  attached  to  each  plant,  each  buggy  load  of 
32  ties  is  weighed  before  and  after  treatment,  to  make  sure  that 
the  ties  have  absorbed  enough,  and  every  little  while  each  individual 
tie  of  a  buggy  load  is  weighed  in  and  out.  Thermometers  are  con- 
sulted constantly,  and  automatic  recording  gauges  preserve  a  diagram 
of  the  vacuum  and  pressures  attained,  as  well  as  of  their  duration;  the 
ties  are  allowed  to  dry  after  treatment  before  they  are  placied  in  the 
track,  and,  afti'r  they  get  there,  well  bedded  in  deep  ballast,  further 
care  is  exercised  to  sea  that  they  are  well  drained.  The  result  is  that 
ties  prepared  by  the  zinc-creosote  process,  mostly  pine,  now  last  from 
12  to  18  years,  and  creosoted  ties,  mostly  oak,  are  expected  to  last 
from  24  to  28  years.  In  past  time  it  was  not  always  thus,  some 
beech  ties  creosoted  having  perished  about  as  soon  as  some  ties 
injected  with  chloride  of  zinc  alone,  but  the  results  developed 
upon  the  roads  in  Alsace-Lorraine,  where  beech  ties,  creosoted  by 
the  French,  were  found  to  be  sound  after  21  years  of  exposure, 
have  again  brought  the  Germans  to  favor  the  use  of  beech  creosoted, 
there  being  a  surplus  of  that  timber,  heretofore  disesteemed,  in  the 
forests  of  that  country. 

An  able  jsaper  by  Mr.  A.  Schneidt,  formerly  Superintendent  of  the 
Alsace-Lorraine  Lines,  published  in  the  German  Railway  Organ  in  1896 
and  1897,  shows  that  the  chloride  of  zinc  undoubtedly  leaches  out  of 
the  ties  in  time,  and  he  advocates  the  creosoting  of  beech  wood,  either 
by  the  process  of  boiling  in  hot  oil,  or  by  the  zinc-creosote  process. 
He  shows  that  the  former  is  the  more  economical  of  the  two,  notwith- 
standing its  greater  cost,  taking  in  view  the  high  first  cost  of  the 
untreated  ties  in  Germany. 

The  prices  paid  in  Germany  for  treatment,  when  reduced  to  Amer- 
ican currency,  are  shown  in  Tables  Nos.  3  and  4. 

TABLE  No.  3. 


With  Zinc  Chloride. 

With  Zinc 

Creosote. 

Timber. 

1st  class. 
Cents  per  tie. 

2d  class. 
Cents  per  tie. 

1st  class. 
Cents  per  tie. 

2d  class. 
Cents  per  tie. 

Pine 

15.60 
12.00 
18.  HO 

12.00 
9.12 
12.4« 

19.20 
15.60 
20.40 

14.40 

Oak 

12.00 

Beech 

15.36 
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TABLE  No.  4. 


With  Creosote  and  Drying 
Oven. 

Boiling  in  Creosote. 

1st  class. 
Cents  per  tie. 

2d  class. 
Cents  per  tie. 

1st  class. 
Cents  per  tie. 

3d  class. 
Cents  per  tie. 

Pine 

53.76 
26.85 
56.64 

40.32 
20.16 
42.00 

56.64 
28.80 
59.28 

42.00 

Oak 

21.60 

Beech 

44.40 

These  prices  are  based  upori  the  various  amounts  of  the  antisei^- 
tics  which  the  diflferent  woods  absorb,  with  careful  work.  As  already 
stated,  treatment  with  chloride  of  zinc  alone  has  been  given  up,  and 
boiling  in  creosote  is  growing  in  favor,  as  computations  of  annual 
charges  for  the  renewals  exhibit  the  fact  that,  notwithstanding  the 
higher  cost,  im^^regnation  with  tar-oil  is  the  most  economical,  in  the 
long  run. 

In  days  gone  by,  some  parties  asked  for  guarantees  before  having 
ties  treated  by  the  zinc-creosote  process,  and  in  such  cases  Mr.  Riit- 
gers  guaranteed  the  following  lives : 

Guarantee  B. 
95%"  to  last 10  years. 

759^      "      11      " 

65%      "      12      " 

50,0,;      ..      13      .< 


Guara2<tee  a. 
95%'  to  last 10  years. 

80%      "       11     " 

70%      "      12     " 


25% 


,14 


In  computing  the  results,  5%  of  all  ties  treated  is  first  deducted, 
to  cover  internal  diseases  which  even  the  strict  German  inspection 
cannot  detect,  and  the  guarantee  applies  on  the  remainder  alone,  Mr. 
Eiitgers  agreeing  to  make  the  deficit  good  to  the  extent  of  either 
refunding  the  treatment  price  paid  per  tie,  or  treating  another  tie  free 
of  charge,  at  his  option.  He  charges  extra  a  bonus  of  10  pf.,  or  2.40 
cents,  a  tie  for  this,  and  in  the  case  of  Guarantee  B  an  extra  bonus  of 
10  pf.,  or  2.40  cents,  a  tie  a  year,  for  every  year's  life  over  ihe  guaran- 
tee. In  i^oint  of  fact  the  character  of  his  work  is  now  so  well  estab- 
lished that  his  customers  prefer  to  save  the  bonus  and  take  their  own 
chances  as  to  life  of  ties. 

Particular  attention  is  called  to  the  German  specifications  for  creo- 
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sote,  ami  to  tlu'  uiiunint   of  i-hloriile   of  ziuc    injected    iu  couuection 
tlierew  itli.      The  latter  aiiiomits  to  \  11).  dry,  jier  culiie  foot. 

The  leading  features  of  tie  treatment  in  Eui-ojie  are,  therefore,  the 
following: 

1.  Close  iuspeetion  of  raw  ties,  i-ejecting  all  defects. 

2.  Thorough  seasoning  for  6  to  12  months  before  treatment, 

3.  Constant  testing  of  chemicals;  strength,  purity,  etc. 

4.  Injection  of  liberal  quantities  of  the  chemicals. 

5.  Minute  care  in  all  the  stages  of  impregnation. 

6.  Drying  the  ties  after  injection. 

7.  Methods  of  fastenings  superior  to  our  own. 

8.  Deep  ballast,  and  thorough  drainage. 

9.  Marking  with  dating  nails,  and  careful  records. 

United   States. 

Thus  it  appears  that  the  Europeans  are  now  getting  a  longer 
service  out  of  their  ties  than  is  obtained  in  the  United  States,  Mr. 
Cui'tis  having  shown,  in  his  paper*  read  before  this  Society  May  17th, 
1899,  that  an  average  life  of  10  to  12  years  is  being  obtained  by  the  use 
of  zinc  chloride  in  this  country.  It  would  be  possible  to  obtain  a  life 
of  15  to  30  years  by  the  use  of  creosote,  but  it  will  be  seen,  from  the 
figures  given,  that  this  would  cost  three  to  four  times  as  much  as  zinc 
chloride.  Thus,  at  present  prices,  it  would  cost  45  cents  each  to 
creosote  according  to  English  practice,  and  15  to  16  years'  life  would 
be  obtained;  it  would  cost  about  85  cents  each  to  creosote  after  the 
best  French  or  German  practice,  and  27  to  30  years'  life  would  be  ob- 
tained in  thoroughly  drained  ballast;  but  it  would  not  be  economical 
to  spend  such  sums  upon  ties  costing  20  to  40  cents  each  untreated, 
while  it  is  economical  to  sjiend  them  upon  ties  costing  from  90  cents 
to  81.50  each  abroad. 

We  must  be  content,  therefore,  either  to  allow  our  cheaj)  ties  to 
decay  in  the  good  old  way,  or  to  adopt  for  the  present  some  of  the 
cheaper  and  inferior  methods  which  will  produce  shorter  lives  than 
obtained  in  Europe.  By  the  light  of  past  experience,  those  cheaper 
methods  may  be  said  to  be  three  in  number:  1st,  straight  Burnettiz- 
ing;  2d,  the  zinc-tannin  process,  and  3d,  the  zinc-creosote  process. 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xlij,  p.  288. 
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The  writer  is  satisfied  that  the  zinc-tannin  process,  as  modified  by 
himself  in  1896,  is  superior  to  straight  Bumettizing,  and  that  the 
Tecord  of  the  next  few  years  will  demonstrate  this,  yet  he  is  desirous 
of  doing  still  better  work,  and  he  went  abroad  chiefly  to  investigate 
the  zinc-creosote  process.  He  now  thinks  that  it  is  probably  superior 
to  the  zinc-tannin  process,  although  part  of  the  greater  life  shown  by 
records  is  attributable  to  other  causes,  such  as  the  better  ballast  and 
drainage,  and  the  better  modes  of  fastening,  as  well  as  the  climatic 
conditions.  There  are,  however,  some  serious  difiiculties  to  be  over- 
come before  the  process  can  be  introduced  here.  Suitable  tar-oil,  as 
described  in  the  specifications  of  Appendix  C,  is  just  now  very  scarce 
and  high  in  price,  so  high  that  the  freight,  the  leakage  and  the  cost  of 
the  barrels  render  the  cost  almost  prohibitory.  The  writer  took  over 
with  him  two  samjjles  of  American  creosote  from  diflfe'rent  makers, 
■and  had  them  analyzed  in  Berlin,  where  they  were  pronounced  by  Mr. 
Riitgers'  chemist  quite  unfit  for  tie  preserving  by  the  zinc-creosote 
process.  The  writer  brought  back  samples  of  the  German  tar-oil,  and 
is  now  endeavoring  to  procure  a  similar  product  in  this  country.  He 
is  also  investigating,  so  far  as  he  can,  the  merits  of  various  new  pro- 
cesses which  are  being  advanced  from  time  to  time,  with  the  hope  of 
finding  some  method  which  he  can  recommend. 

The  principal  dilemma,  with  reference  to  new  processes,  is  the  fact 
that  it  takes  half  a  business  lifetime  (15  to  18  years)  to  ascertain 
beyond  peradventure  whether  an  antiseptic  or  a  method  is  thoroughly 
efficient  to  preserve  ties  in  the  track ;  yet  it  may  be  possible  by  isolat- 
ing the  bacteria  and  fungi  which  are  most  destructive  to  wood,  and 
inoculating  chips  and  shavings  with  the  cultures,  to  draw  some  ap- 
proximate conclusions  in  the  course  of  a  few  months.  Meanwhile,  it 
is  recommended  that  the  railroads  shall  give  trial  orders  to  the  various 
parties  who  offer  i^laiisible  jirocesses,  and  then  exiDose  the  treated  ties 
in  such  locations  as  admit  of  careful  record  and  watching  of  the 
results. 

The  principal  new  processes  are  as  follows: 

1.  T7ie  Creo- Resinate  Process. — This   process    was   described  in   a 

paper  presented  to  this  Society  by  F.  A.  Kummer,  Jun.  Am.  Soc.  C. 

E.,  on  June  6th,  1900.*    He  proposes  the  use  of  creosote  and  resin, 

both  preservative  substances,  to  which  a  small  percentage  of  formal- 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xliv,  p.  181. 
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dehyde  is  to  be  adileil.  It  may  be  questioned  whether  the  latter  vola- 
tile substance  will  stay  in  the  wood,  but  the  process  is  well  worth 
trying,  provided  snfficiout  cpiautities  of  the  chemicals  are  injected. 

2.  The  iVdter- Creosote  Proeess. — This  consists  in  injecting  an  emul- 
sion of  creosote  and  water,  and  is  being  experimented  with  in  Berlin. 
The  writer  expects  to  have  samples  sent  to  him  this  year. 

3.  The  Hasselmiui  Process.  — This  consists  in  boiling  the  wooel  in  a 
solution  of  the  sulphates  of  copper  and  iron,  with  alumina  and 
"  Kainit. "  It  possesses  the  merit  of  being  cheap,  and  some  ties  pre- 
pared in  that  way  have  now  been  three  years  in  the  yard  tracks  in 
Berlin.  Works  have  been  started  at  Perth  Amboy,  N.  J.,  to  work  this 
process. 

4.  The  Allardi/ce  Process. — This  consists  in  the  injection  of  chloride 
of  zinc,  followed  by  a  second  injection  of  tar-oil.  A  similar  process 
was  patented  by  the  late  J.  P.  Card,  Assoc.  Am.  Soc.  C.  E.,  in  1882, 
but  neither  he  nor  the  writer,  who  subsequently  became  his  jjartner, 
ever  succeeded  in  doing  good  and  regular  work  therewith,  notwith- 
standing many  experiments. 

5.  The  Naphthenic  Acid  Process. — This  consists  in  injecting  the  wood 
with  a  solution  of  copper  which  has  been  dissolved  in  an  acid  obtained 
by  a  peculiar  process  in  the  distillation  of  Russian  petroleum.  It  is 
stated  to  be  theoretically  effective  and  cheap,  but  American  petroleum 
differs  so  much  from  the  Russian  in  chemical  constituents,  that  it 
is  yet  a  question  whether  the  naphthenic  acid  can  be  produced  in 
this  country. 

Laboratory  tests  are  sometimes  misleading.  They  show,  for  instance, 
that  bichloride  of  mercury  and  sulphate  of  copper,  as  antiseptics,  are 
superior  to  chloride  of  zinc,  and  yet  the  latter  preserves  ties  better. 
So  with  carbolic  acid,  which  is  stated  by  Mr.  Boulton  to  be  less  effi- 
cient than  the  heavy  oils  of  creosote.  Such  criticism,  however,  does 
not  apply  to  the  laboratory  tests  of  the  strength  and  purity  of  the 
materials  used,  and  there  are  three  features  of  the  European  jsractice 
which  it  would  be  well  to  imitate  in  this  country.  They  are  the  fol- 
lowing: 

1.  The  careful  testing,  chemically,  of  the  antiseptics  to  be  injected, 

2.  The  uniform  injection  of  the  wood  with  stated  and  liberal  quan- 
tities of  the  antiseptics. 

3.  The  adequate  seasoning  of   the  wood  before  treatment.     This  is 
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now  generally  neglected  in  the  United  States,  and  yet  it  is  the  most 
important  requirement  in  obtaining  good  results,  for,  otherwise,  the 
antiseptic  will  not  be  uniformly  distributed,  and  some  portions  of  the 
ties  will  decay  before  others. 

Originally,  at  the  works  of  the  ui-iter,  ties  were  treated  in  the  order 
of  their  arrival,  and  without  regard  to  their  condition.  The  result  was 
that  in  6  or  7  years  some  were  found  to  decay  much  in  advance  of 
others.  Experiments,  made  by  weighing  considerable  numbers  of  indi- 
vidual ties  before  and  after  treatment,  disclosed  the  fact  that  there 
were  great  differences  in  the  absorption,  and  in  later  years  arriving  ties 
have  been  tested,  sorted  out,  and  seasoned  in  ease  of  need,  so  as  to 
.obtain  uniformity  of  treatment,  with  the  result  that  the  average 
absorption  of  chloride  of  zinc  is  now  two  and  one-half  times  as  much 
as  it  was  14  years  ago. 

From  his  experience,  the  writer  is  satisfied  that  if  the  ties  are 
injected  with  reasonable  uniformity  and  with  the  equivalent  of  |  lb.  of 
dry  zinc-chloride  to  the  cubic  foot,  as  is  done  in  Germany,  straight 
Burnettizing  makes  them  last  10  to  12  years  in  the  track,  with  ordin- 
ary exposure;  while  i^erhaps  half  of  that  quantity  will  produce  the 
same  result  in  the  more  arid  regions  of  the  United  States;  that  the 
new  zinc-tannin  jirocess  will  imj)art  to  them  a  life  of  12  to  14  years, 
and  the  zinc-creosote  process  may  extend  this  to  14  or  16  years. 

It  cannot,  however,  be  too  strongly  insisted  upon  that  the  work 
must  be  well  and  skillfully  done,  for,  otherwise,  the  results  are  sure 
to  be  disappointing. 
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LONDON.  BRIGHTON  AND  SOUTH  COAST  RAILWAY 
COMPANY. 


Specification  and  Conditions  of  Contract  for  Creosoted  Redwood 

Sleepers. 

1.  This  proiJosed  contract  is  for  the  supply  and  delivery  of 

sleejiers  at  Deptford  Wharf, 

sleepers  at  Newhaven  Wharf, 

or  any  less  number  that  the  Directors  may  decide  to  accept. 

2.  The  dimensions  are  to  be  the  customary  9- ft.  length  (say  8H  ft-) 
10  by  5  ins.  rectangular,  cut  from  square  blocks  out  of  Avhich  neither 
more  nor  less  than  two  sleepers  can  be  sawn  (no  centers  will  be 
accepted). 

3.  The  quality  shall  be  the  best  Baltic  redwood  fir  in  good  condi- 
tion, free  from  shakes,  dead  knots,  and  other  defects. 

4.  Sixty  per  cent,  of  the  sleepers  to  have  on  one  side  a  flat  surface 
not  less  than  9  ins.  wide  throughout  the  length,  and  the  remainder  to 
have  on  that  side  a  flat  surface  not  less  than  8  ins.  wide  throughout  the 
length.  All  sleei^ers  to  have  a  flat  surface  not  less  than  10  ins.  wide  on 
the  other  side  with  sharp  edges  throughout  the  length. 

5.  Ninety  per  cent,  of  the  sleepers  to  have  not  less  than  8^  ins.  and 
the  remainder  not  less  than  7  ins.  diameter  of  heart  at  both  ends. 

6.  The  blocks  from  which  the  sleepers  are  cut  must  be  of  last 
autumn's  deflotation  at  the  port  of  shij^ment;  any  delivered  of  an  ear- 
lier deflotation  will  be  rejected. 

7.  The  sleepers  are  to  be  cut  and  stacked  from  four  to  six  months 
(or  until  they  are  considered  sufficiently  dry  by  the  Company's  Engi- 
neer or  his  Inspector)  before  they  are  creosoted.  They  are  to  be  adzed 
to  a  true  plane  for  a  width  of  17  ins.  at  each  end  for  the  chair  seating, 
and  4:05'o,  or  such  other  percentage  as  may  be  required,  are  to  be  bored 
with  eight  holes,  namely,  two  1^  ins.  diameter  at  each  end  (for  tre- 
nails) and  two  |  in.  diameter  at  each  end  (lor  spikes).  A  template, 
showing  the  isosition  of  these  holes,  will  be  provided  by  the  Company, 
and  the  Contractors  must  bore  the  holes  exact  to  it,  and  perfectly  true 
through  the  sleepers. 

8.  The  sleepers  will  be  insi^ected  at  the  Contractor's  wharf  before 
being  creosoted,  and  the  Engineer  shall  have  power,  personally  or  by 
deputy,  to  reject  any  sleepers  he  may  consider  inferior,  either  in  qiial- 
ity  of  timber  or  from  any  deviation  from  the  specification,  and  his 
decision  in  the  matter  shall  be  final. 
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9.  The  sleepers,  when  sufficiently  dry,  are  to  be  placed  in  a  wrought- 
iron  cylinder,  and  when  closed  a  vacuum  is  to  be  created  by  air-pumps. 
The  creosote,  at  a  temperature  of  120°  Fahr.,  is  to  be  allowed  to  enter 
the  exhausted  cylinder,  and  afterward  maintained  there  by  jjumping 
at  a  pressure  of  not  less  than  120  lbs.  to  the  square  inch.  The  sleepers 
are  to  be  kept  under  this  pressure  until  each  sleeper  has  absorbed  at 
least  3  galls,  of  creosote  on  the  average,  the  quantity  to  be  ascertained  by 
weighing.*  Any  charge  of  sleepers  not  giving  the  average  imjaregna- 
tion  of  at  least  3  galls,  to  be  returned  to  the  cylinder  for  further  treat- 
ment. 

10.  The  creosote  to  be  a  pure  coal-tar  distillate  of  the  very  best 
quality,  free  from  water  and  all  impurities,  and  on  analysis  to  give  the 
following  results:— 

To  be  entirely  liquid  at  a  temperature  of  120"  Fahr.,  and 
remain  so  on  cooling  to  93  degrees. 

To  contain  not  less  than  25%  of  constituents  that  do  not  dis- 
til over  at  a  temperature  of  600°  Fahrenheit. 

To  yield,  to  a  solution  of  caustic  soda,  not  less  than  6%  by 
volume  of  tar  acids. 

The  specific  gravity  at  90^  Fahr.  to  range  between  1.040  and 
1.065,  water  being  taken  as  1.000  at  the  same  temijerature. 

11.  The  Contractor  is  to  supply  a  copy  of  the  analysis  of  each 
delivery  of  the  creosote  oil  used,  in  the  terms  of  the  Specification,  and 
the  Engineer  shall  be  at  liberty  to  take  samples  of  the  oil  from  time 
to  time  and  have  the  same  tested,  the  Contractor  paying  the  cost  of  the 
analysis  to  the  extent  of  one  analysis  for  each  10  000  sleepers.  Any 
additional  analysis  to  be  made  at  the  Company's  expense. 

12.  Delivery  shall  be  made  alongside  the  Company's  New  Haven 
and  DejDtford  wharves,  at  either  of  the  rates  mentioned  below,  at  the 
option  of  the  Company's  Storekeeper,  until  the  Contract  is  completed. 
Delivery  at  Deptford  will  be  taken  by  open  barges  containing  not 
more  than  1  800  sleepers  each.  The  craft  to  take  regular  turns  for  dis- 
charging, and  conform  to  the  regulations  of  the  Comjjany's  wharves: — 

At  Deptford — To  commence and 

continue  at  the  rate  of sleeijers  per  week. 

At  Ne whaven — To  commence and 

continue  at  the  rate  of sleei^ers  per  week. 

13.  Should  the  Contractor  fail  to  deliver  the  sleepers,  or  any  por- 
tion of  them,  as  stipulated  in  Condition  No.  12,  the  Directors  may 
cancel  the  Contract  or  the  residue  thereof,  and  obtain  other  supplies 
in  such  manner  as  they  think  fit,  and  the  Contractor  shall  pay  to  the 
Company  any  extra  cost  and  expenses  incurred  by  such  failure,  or  the 

*  In  practice  one  trolley  is  weighed  out  of  each  charge  — O.  C. 
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Direc-tors  may  doduot  the  amoiiut  from  auy  sum  tbeu  duo  or  becoming 
due  to  the  Coutructor. 

14.  The  shii)piug  port  or  i>orta  m\ist  be  named  in  the  Tender;  and 
if  more  than  one  port,  the  niimber  of  sleepers  jiroposed  to  be  shijjped 
at  each  port  must  also  be  given.  Bills  of  lading  to  be  produced  by  the 
Contractor  when  required. 

15.  The  price  per  sleejier  is  to  include  every  charge  except  wharf- 
age and  lauding  at  the  Comjjany's  wharves. 

10.  For  sleepers  delivered  and  approved  during  one  month,  pay- 
ment will  be  made  at  the  Company's  next  monthly  pay  day  by  cash, 
less  2i*'o  discount,  provided  the  Company  have  no  claim  on  the  Con- 
tractor as  specified  in  Condition  No.  13.  In  case  of  any  dispute  aris- 
ing between  the  Contractor  and  the  Company  or  their  agents  as  to  the 
meaning  of  any  of  the  terms  and  conditions  of  this  Contract,  the 
decision  of  the  Company's  Engineer  shall  be  final  and  binding  upon 
all  parties. 

17.  The  Contractor  shall,  if  required,  enter  into  and  sign  a  formal 
Contract  with  the  Directors,  and  find  good  and  sufficient  surety  to 
guarantee  its  proj^er  fulfilment;  the  expense  of  such  Contract  and 
Bond  to  be  paid  by  the  Company. 

18.  The  Directors  do  not  bind  themselves  to  accept  the  lowest  or 
any  Tender. 

19.  The  Tenders  are  to  be  returned  by  post,  addressed  to  "The 
Secretary,  L.,  B.  &  S.  C.  R.,  London  Bridge,  S.  E.,"  and  must  reach 

him  not  later  than  first  post  on 

endorsed  on  the  outside  cover  "  Tender  for  Sleepers." 

Signed, 


Storekeepei'. 
Oenerax  Stores  Office, 
New  Ckoss,  S.  E. 
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.A.:E'p^EisriDi:x:  jb. 


XOETHEEN     RAILWAY    COMPANY 
FRANCE. 


Specifications. — 1893. 

For  furnishing  beech  ties  of  usual  shape,  creosoted  by  the  new 
"Blythe"  process,  called  Thermo-Carbolization. 

Article  1. — The  present  siiecifications  refer  to  the  furnishing  of 
ordinary  ties  for  the  extension  and  maintenance  of  tracks  upon  the 
Company's  vai'ious  lines. 

Article  2. — The  ties  shall  be  of  beech,  creosoted  by  the  new 
"Blythe"  process  (called  Thermo-Carbolization). 

Article  5.— The  ties  shall  be  rectangular,  or  present  one  of  the 
sections  shown  in  Figs.  1  and  2. 


miniiDiim  7.5  to  9  ins. — 


-minimam  10.2  ine. 


Fig.  1.  Fig.  2. 

The  top  and  bottom  faces  shall  be  sawed,  the  sides  may  be  hewed. 

The  bottom  face,  which  rests  on  the  ballast,  shall  be  square  edged; 
the  two  lateral  sides  shall  be  without  wane,  for  a  minimum  height  of 
2  ins.  The  top  face  shall  be  at  least  4.4  ins.  wide  in  the  middle,  and 
for  the  whole  length  of  the  tie. 

The  minimum  dimensions  of  the  ties  shall  be  as  follows: 

Length  (2.60  m.) 8.53  ft. 

Width  (0.26  m.) 10.2    ins. 

Thickness  (0.13  m.) 5.1      " 

Article  4. — The  ties  shall  be  practically  straight.  If  bowed  side- 
ways the  incurvation  shall  not  be  more  than  -.tq  of  the  whole  length. 
All  ties  will  be  rejected  whose  bottom  face  is  longitudinally  bowed, 
being  either  convex  or  concave. 

The  ties  shall  be  sawed  oflf  square  at  the  ends. 

Article  -5. — The  beech  wood  must  be  perfectly  sound  and  of  the 
best  quality.     It  shall  be  neither  heart-shaken,  nor  frost-split,  nor 
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brashy,  nor  wonn-eateu.  It  shall  be  exempt  from  doziness,  rotten 
knots,  cracks,  splits,  bad  knots,  red-heart  or  any  other  defect.  The 
trees  shall  be  felled  between  the  Ist  of  November  and  the  end  of 
March.  They  shall  be  worked  up  into  ties  continuously,  which  work 
shall  be  completed  by  the  end  of  April.  Timber  will  be  refused  which 
has  been  felled  before  the  1st  of  November,  or  not  worked  uj)  before 
May  1st. 

All  the  ties  shall  be  completely  barked.  As  fast  as  the  ties  are  made 
they  must  be  piled  up  carefully,  cob-fashion.  The  Chief  Engineer  of 
the  Company  reserves  the  right  of  putting  on  inspectors  to  follow  up 
the  felling  and  manufacture  of  the  ties  at  various  points. 

Article  6. — The  imtreated  ties  will  all  be  most  carefully  insi)ected, 
both  as  to  qiiality  and  dimensions.  Those  accepted  will  be  stamped 
at  the  ends  with  the  Company's  marking  hammer. 

All  the  sticks  with  any  dimensions  less  than  the  limits  stated  in 
Article  8  will  be  rejected.  Those  with  greater  dimensions  than 
required  may  be  accejited,  but  no  allowance  will  be  made  for  over- 
size, the  ties  being  purchased  by  the  jjiece,  and  not  by  the  cubic 
meter. 

If  a  tie  of  good  quality,  and  otherwise  acceptable,  shows  a  crack 
likely  to  spi'ead  open,  the  Contractor  shall  bolt  the  two  parts  together, 
or  insert  an  S  iii  the  end,  at  his  own  expense.  Every  tie  sj^lit  oijen  at 
the  end  for  its  whole  width  or  thickness  shall  be  rejected. 

The  rejected  ties  will  be  left  on  the  hands  of  the  Contractor  at  the 
point  of  inspection;  they  will  be  so  marked  as  to  preclude  them  from 
being  again  oflereel  for  inspection. 

Article  7. — The  untreated  ties  must  be  well  seasoned  before  prepa- 
ration, and,  so  far  as  possible,  adzed  and  bored  by  the  Company,  to  fit 
the  rails  and  the  lag  sci-ews.  The  seasoning  will  be  tested  by  weighing 
a  number  of  ties  haphazard.  The  weight  of  the  timber,  thus  ascer- 
tained, must  not  be  more  than  46. 7  lbs.  jser  cubic  foot. 

Article  8. — The  ties  w^ill  be  injected  with  creosote  by  the  new 
"  Bly the  "  process,  called  "  Thermo-Carbolization."  In  this  process 
"the  ties  are  subjected  to  the  two  following  oijerations: 

1.  They  are  enclosed  in  a  cylinder  of  boiler  plate  and  subjected  to 
a  current  of  steam  mixed  with  creosote  oil  vaj^or  for  a  length  of  time 
sufficient  to  insure,  during  the  second  operation,  the  absorption  of  the 
prescribed  quantity  of  creosote. 

2.  The  cylinder  containing  the  ties  is  then  filled  with  a  sufficient 
quantity  of  crude  creosote.  This  liquid,  maintained  at  a  temperature 
of  at  least  140-  Eahr.,  is  compressed  in  the  cylinder  by  steam  to  five 
atmospheres  from  the  generator,  during  a  sufficient  length  of  time  so 
that  the  total  quantity  of  creosote  injected  into  the  wood,  both  as  a 
vapor  and  as  a  liquid,  shall  be  at  least  24.4  lbs.*  per  tie. 

*  Since  increased  to  35.2  lbs.  per  tie. 
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If  the  Engineer  of  the  Company  deems  it  advisable  to  increase  this 
quantity  of  creosote,  the  Contractor  will  comply  with  the  indications 
which  he  may  receive  relating  thereto. 

Article  9. — The  creosote  shall  consist  of  the  mixture  of  volatile  prod- 
ucts heavier  than  water  distilled  from  coal-tar  jDroduced  by  gas- 
works. It  shall  contain  at  least  (5%  of  carbolic  acid,  or  of  analogous 
j)roducts  soluble  in  caustic  soda.  It  shall  be  entirely  soluble  in  ben- 
zine, and  completely  liquid  at  a  temperature  of  122°  Fahrenheit.  It 
must,  moreover,  conform  to  the  samples  which  the  Contractor  shall 
submit  to  the  Company's  Engineer. 

The  Contractor  shall  specify  from  what  gas-works  each  shipment 
of  creosote  is  received. 

Article  10. — The  Company  shall  take  cognizance  of  all  the  opera- 
tions i-elative  to  the  insjjection  of  the  wood,  through  an  inspector  ap- 
pointed by  the  Chief  Engineer.  Such  Inspector  shall  satisfy  himself 
as  to  the  thorough  application  of  the  "Blythe"  process,  shall  keep 
accounts  of  the  wood  injected,  and  shall  verify  the  results  of  the  in- 
jection. He  will  report,  upon  a  special  blank,  the  following  points 
for  each  operation: 

1.  The  length  of  time  of  application  of  the  mixed  steam  and  oils 
coming  from  the  vaporizer,  as  well  as  the  final  pressure  in  this  opera- 
tion, which  must  be  at  least  five  atmospheres. 

2.  The  time  occupied  in  filling  the  cylinder  with  crude  creosote, 
the  final  pressure  and  the  quantity  of  liquid  absorbed  during  this 
operation. 

3.  The  quantity  of  crude  creosote  introduced  in  the  vaporizer  and 
in  the  lower  reservoir.  This  quantity  shall  not  be  less,  for  ten  con- 
secutive operations,  than  an  average  of  24.2  lbs.  per  tie  injected. 

4.  Finally,  the  inspector  shall  keep  an  exact  account  of  the  total 
quaatity  of  creosote  which  the  Contractor  shall  receive  at  the  works 
for  injection,  so  as  to  check  the  amount  of  liquid  absorbed  during^ 
each'  season's  work. 

The  Chief  Engineer  of  the  Company  reserves,  moreover,  the  right 
of  using  any  other  checks  which  he  may  deem  desirable  to  control 
the  quantity  of  creosote  injected  into  the  wood,  either  as  a  mixture 
of  vapors  or  in  the  liquid  state. 

The  royalties  to  be  paid  to  Mr.  Blythe  or  others  for  the  use  of  the 
patents,  etc.,  will  be  at  the  sole  charge  of  the  Contractor,  who  guaran- 
tees the  Company  against  any  claim  of  this  nature. 

All  exjjeriments  made  by  the  Comjjany  to  ascertain  whether  the 
creosote  is  of  good  quality,  and  if  the  injection  of  the  wood  is  com- 
plete, shall  be  at  the  charge  of  the  Contractor. 

Article  11. — Upon  being  withdrawn  from  the  cylinder  the  ties  shall 
be  inspected  one  by  one  in  order  to  ascertain  whether  the  injection  is 
homogeneous  and  whether  the  quantity  of  24.2  lbs.  has  been  duly- 
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absorbed  by  each.  This  last  voriticatiou  shall  V)e  eflfected  as  described 
in  Seetiou  3  of  Article  10. 

Snch  ties  as  may  be  incompletely  injected,  a  fact  which  shall  be 
established  by  cuttiu}^  into  them  with  a  gouginf?  adze,  shall  be  sub- 
jected to  a  second  operation,  or  even  to  a  third,  after  which  they  may 
be  declared,  in  case  of  need,  as  unfit  for  injection,  and  finally  rejected, 
as  well  as  those  ties  which  may  be  deformed  by  the  action  of  heat  in 
the  cylinder. 

The  Contractor  shall  make  no  extra  charge  for  these  repeatings  of 
treatment,  and  shall,  moreover,  either  insert  a  bolt  or  an  S  into  any 
tie  which  shall  split  during  the  treatment. 

The  ties  accepted  shall  be  counted  and  either  immediately  loaded 
on  cars  or  piled  up  at  some  point  designated  by  the  Comi^any's  agent. 
The  ties  rejected  shall  receive  a  special  mark  at  the  rail  seat  and  will 
be  piled  at  special  points  to  be  indicated  to  the  Contractor.  These 
ties  shall  only  be  taken  away  upon  authority  given  by  the  Engineer 
of  the  Company,  who  may  hold  them  until  the  season's  contract  is 
tilled,  so  as  to  avoid  their  being  again  presented  for  inspection  by 
agents. 

Article  12  * — The  final  acceptance  of  the  ties  shall  only  take  place 
six  months  after  the  full  delivery  of  the  season's  contract. 

Until  this  final  accejitanee  theComjjany  reserves  the  right  of  reject- 
ing any  ties  which  may  possess  defects  not  detected  upon  a  first  in- 
spection, or  which  may  split  by  reason  of  a  bad  quality  of  wood. 

The  ties  so  rejected  will  be  surrendered  to  the  Contractor  at  the 
point  of  delivery,  who  shall  either  deduct  them  from  his  bill  or  furnish, 
other  ties  if  required  by  the  Comi^any. 

Article  13. — The  Contractor  shall  be  governed,  save  in  such  modifi- 
cations as  result  from  the  present  specifications,  by  the  clauses  and  gen- 
eral conditions  imposed  upon  contractors  doing  work  for  the  Northern 
Railway  Company,  through  the  Rules  drawn  up  September  26th,  1892, 
by  the  Chief  Engineer  of  the  Fonts  et  Chaussees,  Chief  Engineer  of 
Maintenance  of  Way,  approved  October  21st,  1892,  by  the  Executive 
Committee  of  said  Comjiany,  and  registered  in  Paris  the  28th  of  the 
same  month. 

*  The  same  contractor  furnishes  the  ties  and  treats  them. 


530  CHANUTE    OK"    PRESERVATION   OF    RAILWAY   TIES. 


IMPEEIAL  KAILWAYS  OF  ALSACE-LOERAINE, 
GERMANY. 


Specifications  for  Impregnating  Wooden  Rallroad  Ties. — 1898. 

Section  1. — For  jsine  ties,  the  impregnating  fluid  is  a  solution  of 
chloride  of  zinc  with  an  addition  of  coal-tar  oil  containing  carbolic 
acid;  for  beech  or  oak  ties  hot  coal-tar  oil  containing  carbolic  acid 
must  be  used. 

Section  2. — The  process  of  imjiregnating  by  chloride  of  zinc  solu- 
tion, with  addition  of  coal-tar  oil  containing  carbolic  acid,  is  divided 
into  three  parts. 

1.  Steaming  of  the  ties. 

2.  Production  of  a  partial  vacuum  and  admission  of  the  impreg- 

nating fluid. 

3.  Compression  (forcing  in)  of  the  impregnating  fluid. 

The  ties  are  loaded  on  iron  cars,  which  are  pushed  into  the  im- 
pregnating cylinder,  this  is  closed  air-tight,  and  they  are  exposed  to 
the  action  of  steam;  steaming  is  continued  for  a  longer  or  shorter 
jjeriod,  according  to  the  time  of  year  and  the  condition  of  the  ties. 
The  admission  of  steam  into  the  impregnating  cylinder  must  be  regu- 
lated in  such  manner,  that  an  inside  j^ressure  of  1.5  atmospheres  (22 
lbs.  per  square  inch)  above  air  i^ressure  is  reached  within  30  minutes. 
For  dry  ties  it  will  suffice  to  maintain  this  pressure  in  the  impregnat- 
ing cylinder  for  30  minutes  longer,  but  for  green  ties  it  should  be  kept 
up  for  another  hour.  For  dry  ties,  therefore,  the  steaming  takes  at 
least  1  hour,  while  for  green  ties  at  least  1^  hours  are  necessary.  A 
gauge  attached  to  the  cylinder  indicates  existence  of  the  specified 
pressure.  The  valve  at  the  bottom  of  the  cylinder  must  be  opened 
on  admitting  the  steam,  in  order  that  the  air  contained  in  it  may  be 
driven  out,  but  should  be  closed  when  steam  begins  to  blow  out. 
This  valve  should  be  ojoened  repeatedly,  as  fast  as  steam  condenses; 
open  it  at  least  every  half-hour  to  draw  off  the  water,  and  for  the 
last  time  just  before  exhausting  the  air.  "When  steaming  is  finished, 
the  steam  remaining  in  the  impregnating  cylinder  is  allowed  to 
escape. 

After  steam  is  discharged  a  partial  vacuum  is  produced  in  the 
cylinder  containing  the  ties,  until  the  vacuum  gauge  shows  at  the 
least  a  column  of  mercury  of  GO  cm.  (23.6  ins.);   this  partial  vacuum 
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must  bo  inaiutaiued  for  teu  minutes.  On  expiration  of  this  time, 
while  eoutiniially  preserving  the  ])artial  vacixum,  allow  the  impregnat- 
ing fluid,  whieh  meanwhile  has  been  prepared  in  a  separate  vessel  and 
heated  to  at  least  05^  Cent.  (149  Fahr.),  to  enter  the  impregnating 
cylinder,  flUiug  it  entirely.  To  prepare  the  impregnating  fluid,  add 
while  heating,  1  kgr.  of  ooal-tar  oil  to  every  15  kgr.  i6'i"o)  of  the  solu- 
tion of  zinc  chloride. 

To  insure  as  perfect  a  mixture  of  the  solution  of  zinc  chloride  with 
the  coal-tar  oil  as  jjossible,  an  effective  stirring  apparatus,  combined 
with  injeetion  of  steam  and  air,  must  be  applied. 

Next,  a  pressure  jjump  is  used  to  exert  an  excess  of  seven  atmos- 
l^heres  above  air  pressure.  This  pressure  to  be  maintained  for  not 
less  than  30  minutes;  if  necessary,  continue  it  for  a  longer  time, 
until  the  ties  have  absorbed  a  certain  amount  of  impregnating  fluid  as 
specified  hereafter.     The  imjiregnating  fluid  is  then  run  oflf. 

The  chloride  of  zinc  solution  intended  for  impregnating  must  be 
as  nearly  as  possible  free  from  foreign  substances,  and  there  must  be 
no  free  acid.  An  admixture  of  other  metals,  notably  iron,  can  only 
be  allowed  in  a  very  slight  percentage  and  only  if  it  cannot  be  avoided 
in  the  manufacture.  The  solution  must  have  a  strength  of  3.5'^ 
Beaume  =  1.02-44  specific  gravity  at  a  temperature  of  15^  Cent.  {59° 
Fahr.).     The  solution  contains  1.26j^o  of  metallic  zinc. 

The  coal-tar  oil  used  must  not  contain  over  1"„  of  oils  that  boil 
below  125^  Cent.  (257°  Fahr.).  It  must  be  so  little  volatile  that 
its  boiling  point  lies  mainly  between  150^  and  400-  Cent.  (302-  and 
752^  Fahr.).  In  no  case  is  it  permissible  to  have  more  than  25%"  of  its 
weight  volatilized  below  235-  Cent.  (455°  Fahr.).  It  must  contain  at 
least  20  to  25%"  of  acid  substances  (creosote  or  oils  resembling  carbolic 
acid)  that  are  soluble  in  caustic  lye  of  soda  of  1.15  specific  gravity. 
The  coal-tar  oil  must  be  entirely  liquid  at  +  15-  Cent.  (59^  Fahr.), 
and  as  much  as  possible  free  from  naphthaline,  so  that  on  evaporation 
(fractional  distillation)  produced  in  a  glass  vessel  in  groups  of  50° 
each,  it  shall  leave  a  residue  of  not  more  than  5%  of  naphthaline.  Its 
specific  gravity  should  not  be  less  than  1.020  at  a  temperature  of  + 
153  Cent.  (59°  Fahr.)  and  should  not  exceed  1.055.  To  remove  such 
impurities  from  the  impregnating  fluid  as  are  due  to  the  process, 
suitable  settling  (clarifying)  apparatus  should  be  provided. 

The  Contractor  is  required  to  rejDort  where  he  obtains  his  supplies 
of  zinc-chloride  solution  and  of  coal-tar  oil,  intended  for  use,  and  to 
furnish  samples  of  the  same  to  the  Supply  Office  of  the  Imperial  Rail- 
ways at  Strassburg  in  Alsace  before  commencing  to  impregnate.  He 
will  be  permitted  to  purchase  the  solution  of  zinc  chloride  and  the 
carbolized  oil  of  coal-tar  only  from  such  factories  whose  samples  have 
been  api^roved  by  the  Management  of  the  Railways.  The  Railway 
jVlanagement  reserves  the  right  to  test  the  fluids  used  at  any  time. 
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It  is  specified  that  the  average  absorption  of  impregnating  fluid 
contained  in  every  charge  of  the  cylinder  shall  be  the  following: 

A.  Absorption  of  35  kgr.  (77  lbs.)  for  each  tie  of  the  first  class^ 

length  of  2.70  m.  (8.85  ft.). 

B.  Absorption  of  26  kgr.  (57  lbs.)  for  each  tie  of  the   second 

class,  length  of  2.50  m.  (8.2  ft.). 

C.  Absorption  of  310  kgr.   per  cubic  meter  (19  lbs.  per  cubie 

foot*)  for  ties  of  other  dimensions. 

To  determine  the  amount  of  impregnating  fluid  absorbed  by  the 
ties,  the  following  method  must  be  adoj^ted: 

Weigh  all  ties  on  a  jjlatform  scale  jolaced  under  roof  immediately 
before  steaming  them,  and  again  after  impregnating  when  dripping^ 
has  ceased.  The  difference  in  weights  equals  amount  of  impregnating 
fluid  absorbed.  A  deduction  of  15  f)fennigs  per  10  kgr.  (16  cents  per 
100  lbs.)  will  be  made  for  shortage  shown  by  this  weighing  test.  In 
case  the  shortage  amounts  to  more  than  one-sixth  of  the  absorption 
specified,  the  impregnation  must  be  repeated.  If,  on  the  other  hand, 
the  weighing  shows  that  the  ties  have  absorbed  more  than  the  amount 
specified,  a  bonus  of  15  pfennigs  for  every  10  kgr.  (16  cents  per  100- 
lbs.)  will  be  paid  for  such  increase,  up  to  a  maximum  of  15  per  cent. 

Section  3. — The  work  of  impregnating  with  hot  carbolized  oil  of 
coal-tar  (i.  e.,  oil  of  coal-tar  containing  carbolic  acid)  must  be  divided 
info  two  parts. 

1.  Drying  of  the  ties,  i.  e.,  withdrawing  water  from  them. 

2.  Introduction  of  oil  of  coal-tar  under  pressure. 

The  ties  are  run  into  the  impregnating  cylinder  and  this  is  closed 
air-tight.  Next,  a  partial  vacuum,  equal  to  at  least  60  cm.  (23.6  ins.) 
column  of  mercury,  is  produced  in  the  impregnating  cylinder  and 
maintained  for  10  minutes,  and  thereui^on,  while  keejiing  up  the 
vacuum,  the  hot  oil  of  coal-tar  is  made  to  flow  in  until  it  rises  to  a 
level  that  will  prevent  sucking  over  by  the  air  pumps.  The  flowing 
in  of  the  coal-tar  oil  may  be  accomplished  all  at  once  or  at  intervals, 
according  to  the  dryness  of  the  ties.  "While  thus  filling  up,  and  after- 
ward, the  coal-tar  is  heated  up  inside  the  cylinder  to  at  least  105 -' 
Cent.  (221-  Fahr.),  but  not  higher  than  115-  Cent.  (2.39°  Fahr.),  by 
means  of  steam  coils.  This  heating  should  be  accomplished  during  a 
space  of  time  of  not  less  than  3  hours.  When  this  temj)erature  is 
reached  in  the  impregnating  cylinder,  it  must  be  kept  up  for  another 
houj,  either  with  or  without  the  partial  vacuum,  as  may  be  judged 
necessary,  in  order  that  the  ties  may  absorb  the  specified  amount  of 
oil  of  coal-tar. 

The  impregnating  cylinder  is  connected  with  a  pipe  condenser  from 
the  instant  that  filling  with  hot  coal-tar  oil  commences,  and  all  the 

*3.5°  B.  corresponds  to  2.62,^  dry  zinc  chloride.'  Hence.  19  X  2.62^  amounts  to  0.498'. 
lb.  of  dry  zinc  chloride  p>er  cubic  foot. — O.  C. 
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aqueous  vapors  driven  out  of  the  ties  are  coudeusod  in  tbis,  the  water 
being  carried  to  a  tank.  Tbis  receiver  must  bave  a  water  gauge  from 
whifb  one  oau  read  off  tbe  amount  of  water  evai)orated  from  tbe  tief . 

After  tbe  drviug  of  tbe  ties  or  tbe  extraction  of  watei  from  tbem  is 
tiuisbed.  tbe  impregnating  i-vHuder  is  tilled  completely  and  tbe  press- 
ure pump  started,  wbicb  must  produce  a  pressure  of  at  least  7  atmos- 
pberes.  Tbis  pressure  is  to  be  maintained  for  at  least  20  minutes  in 
treating  beech  ties  and  60  minutes  for  oak  ties,  unless  it  proves  neces- 
sary to  prolong  tbe  time  to  obtain  tbe  amount  of  absorption  siJecified, 
Tbe  oil  of  coal-tar  is  then  drawn  off. 

Tbe  coal-tar  oil  used  must  be  heavy  oil,  derived  from  tbe  distillation 
of  coal-tar,  of  greenish  black  color,  sijecific  gravity  of  1.04:5  to  1.100  at 
15-  Cent.  ',59-  Fahr.),  boiling  point  between  1.50^  and  -±00=  Cent.  (302^ 
and  75'2^  Fahr.). 

While  making  fractional  distillation  no  oils  must  pass  over  below 
150-  Cent.  (302-  Fahr.)  and  not  more  than  '2b%  of  tbe  volume  at  tem- 
perature up  to  235-  Cent.  (-4.55-  Fahr. ). 

The  coal-tar  oil  must  contain  by  volume  at  least  105*0  of  carbolic 
acid  and,  at  a  temperature  of  15-  Cent.  (59-  Fahr.),  mustbefi-ee  from 
naphthalene  and  show  no  sediment. 

To  determine  percentage  of  carbolic  acid  apply  agitation  to  the  oils 
heated  to  400°  Cent.  (752°  Fahr.)  with  a  caustic  solution  of  soda  having 
specific  gravity  of  1;15.  The  difference  in  vohime  of  oil  before  and 
after  agitation  gives  percentage  of  carbolic  acid. 

The  Contractor  is  required  to  state  source  of  suj^ply  for  his  coal-tar 
oil  and  to  furnish  samples  to  tbe  Siipply  Office  of  the  Imperial  Kail- 
ways  at  Strassburg  before  he  commences  work  of  impregnation.  The 
coal-tar  oil  can  only  be  purchased  from  factories  whose  samj^les  have 
been  approved  by  the  Kailway  Management.  The  Railway  Manage- 
ment reserves  the  j^rivilege  of  at  any  time  testing  the  coal-tar  oil  used. 

It  is  specified  that  the  average  absorption  of  coal-tar  oil  for  every 
charge  of  the  cylinder  shall  be: 

a.  For  one  railroad  tie,  1st  class,  2.70  m.  (8.85  ft.)  long,  of  oak  wood, 
11  kgr.  (24  lbs.);  of  beech  wood,  36  kgr.  (79  lbs.). 

b.  For  one  railroad  tie,  2d  class,  2.50  m.  (8.20  ft.)  long,  of  oak  wood, 
8  kgr.  (18.6  lbs.);  of  beech  wood,  28  kgr.  (61.6  lbs.). 

c.  For  ties  of  other  dimensions  per  cubic  meter  (35.3  cu.  ft.),  of  oak 
wood,  100  kgi\  (220  lbs.);  of  beech  wood,  325  kgr.  (715  lbs.). 

To  determine  the  amount  of  coal-tar  oil  absorbed  by  the  ties,  these 
are  weighed  before  tbe  imjiregnation  and  again  after  it,  when  dripping- 
of  oil  has  ceased,  using  a  platform  scale  placed  under  a  roof.  Tbe 
difference  in  weight  is  amount  of  coal-tar  oil  absorbed.  Correct  the 
weight  of  the  ties  before  imjiregnation  by  deducting  from  it  weight  of 
water  delivered  by  condenser  to  the  tank  and  obtained  from  the  vapors 
distilled  while  drving  m  hot  coal-tar  oil.  as  weight  of  ties  is  reduced 
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to  this  extent  by  drying  j^rocess.  If  on  examination  it  is  proved 
that  absorjition  amounts  to  less  than  five-sixths  of  that  specified,  the 
impregnation  must  be  repeated. 

For  every  shortage  in  coal-tar  oil  shown  by  above  test,  a  deduction 
of  50  pfennigs  for  10  kgr.  (54.5  cents  per  100  lbs. )  will  be  made,  but,  on 
the  other  hand,  an  increase  in  absorption  will  be  j^aid  for  at  the  same 
rate,  a  maximum  of  15%"  increase  being  the  limit  of  such  payment. 

Section  4. — The  Contractor  is  required  to  give  eight  days'  notice  to 
the  Sui^ply  Office  of  the  time  of  intended  commencing  to  impregnate 
ties,  in  order  that  the  office  may  send  an  official  to  supervise  same. 
This  official  must  be  freely  admitted  at  all  times  to  the  plant  of  the 
Contractor,  and  all  desired  information  must  be  readily  furnished 
him.  The  Contractor  must  furnish  all  necessary  appliances,  appa- 
ratus and  labor  to  make  tests  without  charge. 

Section  5. — In  case  the  Contractor  does  not  supply  his  own  ties, 
the  parties  furnishing  them  will  be  required  to  deliver  f .  o.  b.  cars  at 
the  station  nearest  to  the  imjjregnating  works,  provided  they  are 
shipjjed  by  rail;  ties  delivered  by  wagon  or  other  conveyance  will  be 
delivered  loaded  at  storage  yards  of  the  factory  without  charge. 

The  hauling  of  ties  from  the  station  to  factory  will  be  at  the 
expense  of  the  Contractor  for  impregnation.  He  has  also  to  provide 
for  unloading,  piling  and  handling  of  ties  as  per  regulations.  The 
Contractor  will  be  paid  for  this  labor  the  amount  of  8  pfennigs  (1.92 
cents)  for  each  track  tie  and  4  pfennigs  (0.96  cent)  for  each  switch  tie 
of  1  m.  These  prices  cover  the  expense  of  labor  and  tools  required 
in  receiving  green  ties,  as  well  as  that  of  reloading  rejected  ties;  pay- 
ment for  a  tie  to  be  made  only  once. 

Section  6. — The  Contractor  for  impregnating  is  held  liable  for  all 
damages  and  loss  of  ties  that  may  occur  from  the  time  they  are 
delivered  to  him  at  the  railroad  station,  or  at  his  works,  as  long  as 
ties  remain  at  his  works.  This  liability  includes  losses  by  fire  occur- 
ring at  the  imj)regnation  works  and  by  theft  committed  while  ties 
remain  there.  The  Contractor  must  pay  the  value  of  all  missing  ties 
or  of  such  as  become  unserviceable  previous  to  their  return  after  im- 
pregnation, but  is  not  liable  for  splitting.  He  is,  however,  required 
to  furnish  without  charge  all  necessary  S-liooks  and  bolts  for  drawing 
together  the  cracks  occurring  during  storage,  and  has  to  drive  or  put 
these  in  according  to  directions  of  the  supervising  official. 

When  ties  are  turned  over  to  the  Contractor  for  impregnation,  they 
are  already  supplied  with  S-liooks  needed  to  draw  together  all  existing 
cracks.  Each  beech  track  tie  is  also  fitted  with  two  iron  bolts  running 
through  it,  about  10  cm.  (4  ins.),  from  each  end  in  the  direction  of  its 
breadth.  It  is  his  duty,  therefore,  to  su23ply,  without  charge,  only 
such  S'liooks  and  bolts  as  may  be  needed  thereafter,  and  of  the  same 
kind,  and  to  fasten  them. 
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Seciion  7. — Ou  reoeiviug  the  greeu  ties  they  must  be  piled  at  the 
factory  iu  such  a  way  that  air  will  circulate  freely  around  each  oue. 
Each  pile  only  to  have  length  and  breadth  eqnal  to  length  of  one  tie, 
and  lunst  contain  100  ties.  The  lowest  layer  of  ties  unist  rest  on  solid 
supports,  so  that  they  will  never  tonch  the  ground.  Storage  yards 
must  be  thoroughly  drained  and  have  ditches  if  needed.  Oijen  spaces 
are  to  be  left  between  the  piles,  which  spaces  must  measure  80  cm.  (32 
ins.)  in  one  direction  and  have  a  width  of  40  cm.  (16  ins.).  This  piling 
of  ties  must  be  finished  at  the  latest  in  14  days  from  receipt  of  same. 
Date  of  piling  to  be  plainly  marked  on  each  pile. 

For  delay  in  completing  impregnation  of  ties  beyond  time  fixed  by 
contract,  unless  previous  exjjress  and  written  ])ermission  of  the  Im- 
perial General  Management  has  been  obtained,  the  latter  will  collect  a 
penalty  from  Contractor  for  such  delay,  amounting  to  1%  of  the 
Contract  value  of  the  unfinished  impregnation  per  week  of  such 
delay.  « 

Section  9. — The  Railroad  Management  reserves  the  right  to  employ 
the  Contractor  for  impregnation  to  adze  surface  of  ties  in  places  for 
bed-plates  of  rails,  as  well  as  to  bore  holes  for  fastenings,  if  such  work 
becomes  necessary.  This  work  to  be  done  by  direction  of  supervising 
oflScial  and  before  impregnating. 

Strassburg,  February ....  1898. 

Imperial  General  Management  of 
Railways  in  Alsace-Lorraine. 


Acknowledged :  The  preceding  contract  of . 
this  day  the 1 


D 

Contractor. 
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.A.ipiE'EnsriDiix:  id. 


TESTING  OF   IMPKEGNATING   SOLUTIONS   FOR  IMPERIAL 
PRUSSIAN   RAILWAYS. 

For  the  impregnation  of  timber  there  are  at  jiresent  two  products 
in  use:  1st,  chloride  of  zinc;  2d,  tar-oil. 

Testing  of  Chlokide  of  Zinc. 

The  chloride  of  zinc  for  imjDregnating  purposes  will  be  manufact- 
ured as  a  concentrated  solution,  containing  about  50%  of  anhydrous 
chloride  of  zinc.  It  is  best  to  use  such  a  strong  solution  for  testing, 
and  for  that  jDurpose,  samples  are  to  be  taken  dii'ectly  from  the  ship- 
ping tank  or  carboy. 

The  zinc  chloride  solution  used  musl^  be  as  free  from  impurities  as 
jDossible,  particularly  from  iron  and  free  acid.  Therefore,  it  is  to  be 
determined  whether  or  not  iron  and  acid  are  jsresent. 

Test  foe  Feee  Acid. 

Twenty  grammes  (by  weight)  of  the  above  strong  zinc  chloride  solu- 
iion  are  to  be  mixed  with  distilled  water;  the  whole  to  amount  to  100 
■cu.  cm.  (by  measure),  the  mixture  to  be  well  shaken. 

a. — There  is  no  free  acid  present  if  the  mixture,  by  shaking,  be- 
<5omes  cloudy,  and,  particularly  if  after  a  short  period  of  rest,  flakes 
settle  down,  which  will  again  dissolve  to  a  clear  fluid,  upon  the  addi- 
tion of  a  few  droits  of  muriatic  acid  (H  CI).  No  further  test  is  then 
required. 

b. — If,  after  shaking,  the  mixture  remains  clear,  then  an  excess  of 
acid  is  present,  the  amount  of  which  can  be  determined  by  the  fol- 
lowing manii)ulation : 

Take  several  reagent  bottles  and  put  in  each  10  cu.  cm.  of  the 
above-described  mixture,  then  add  to  each  bottle  a  measured  succes- 
sively increasing  quantity  of  a  solution  of  one-tenth  normal  soda.  For 
example:  Add  to  the  fii'st  reagent  bottle  0.1  cu.  cm.,  to  the  second  0.2 
cu.  cm.,  to  the  third  0.4  cu.  cm.,  and  so  on.  Shake  well  and  observe 
in  which  bottle  a  remaining  white  flaky  precipitation  will  settle.  The 
j)roportion  of  soda  which  lies  between  the  mixture  where  a  pr^cijjitation 
is  produced,  and  that  where  no  precipitation  is  produced,  exactly  repre- 
sents the  quantity  of  free  acid  present  in  the  solution.  For  example, 
the  mixture  in  the  bottle  to  which  0.2  cu.  cm.  of  the  soda  solution 
was  added,  remains  clear,  while  in  the  following  reagent  bottle,  where 
0.4  cu.  cm.  soda  solution  was  added,  a  preciijitation  is  i^roduced;  then, 
0.3  cu.  cm.  soda  solution  is  exactly  the  quantity  corresponding  to 
the  free  acid  present  in  the  chloride  of  zinc  solution. 
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Should  there  be  required  for  this  test  more  thau  O.-l  cu.  cm.  of  the 
oue-teutli  noriual  soda  sohitiou,  theu  the  perceutiige  of  free  aeid  is  too 
high  iu  the  chloride  of  ziuc  solution,  and  such  solutiou  must  not  be 
used  for  impregnatiou. 

Testing  for  Iron. 

Take  10  cu.  cm.  from  the  above-described  mixture  of  zinc  chloride 
solution  and  distilled  water,  and  add  a  few  drops  of  concentrated 
nitric  acid  (H  N  0^)  and  shake  well.  Divide  this  mixture  into  two 
equal  parts.  To  one  part,  without  diluting,  add  a  quantity  of  am- 
monia (N  H,  O  H)  and  shake  well.  If  this  mixture  remains  clear,  no 
iron  is  present.  Through  the  presence  of  iron  in  the  mixture,  more  or 
less  brown  flakes  will  precipitate,  corresponding  to  the  amount  of  iron 
present.  Should  there  precipitate  in  the  mixture  a  quantity  of  gray- 
white  (not  brown)  flakes,  then  not  only  ii'on,  but  also  another  impurity 
(nearly  always  magnesia)  is  i)resent.  In  this  latter  case  a  more  com- 
plete test  bas  to  be  made,  and,  therefore,  the  zinc  chloride  solution 
must  be  sent  to  a  chemist.     But  this  case  will  happen  very  seldom. 

The  second  part  of  the  mixture  of  10  cu.  cm.  to  which  nitric  acid 
was  added,  should  be  diluted  with  distilled  water,  and  5  cu.  cm.  of  a 
solution  of  lO^o  yellow  jsrussiate  of  potash  added,  the  whole  to  be 
well  shaken.  A  very  ample  precipitation  will  be  jaroduced,  which  will 
look  snow-white,  or  very  hght  yellowish,  if  the  zinc  chloride  solution  is 
free  from  iron;  but  in  the  presence  of  iron  it  will  look  more  or  less 
blue,  according  to  the  amount  of  iron.  If  the  precipitation  shows  a 
corn  flower  blue  color,  then  the  zinc  chloride  solution  surely  contains  a 
high  percentage  of  iron  and  must  therefore  be  rejected. 

To  avoid,  in  testing,  the  weighing  of  the  20  grammes  of  the  strong 
solution,  the  use  is  recommended  of  the  easier  method  of  measuring. 
First  find  the  specific  gravity,  at  15^  Celsius,  of  the  strong  concen- 
trated zinc  chloride  solution.  The  quotient  of  this  sj)ecific  gravity 
into  20  grammes  shows  the  number  of  cubic  centimeters  which  must 
be  measured  ofi"  and  which  rejiresent  exactly  20  grammes  by  weight. 
For  instance,  the  specific  gravity  of  the  strong  zinc  chloride  solution 
is  1.6,  then  1.6  divided  into  20  grammes  gives  the  number  of  cubic 

centimeters    (   — ^  =   12.5    cu.    cm.  )    which  have  to  be  measui'ed  ofl" 

to  be  used  for  testing  as  described  before. 

Testing  of  Tak-Oil. 

At  a  temperature  of  20^  Celsius  the  tar-oil  must  be  limpid,  and  to 
test  it,  shake  the  tar-oil  well,  pour  a  few  drops  on  a  folded  filter  jjaper, 
and  observe  whether  after  absorption  there  remain  undissolved  parti- 
cles on  top  of  the  paper.  If  the  amount  of  these  is  large,  the  tar  oil 
must  not  be  used  for  impregnation.       To  find  the  specific  gravity,  the 
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tar-oil  must  be  heated,  or  cooled  off,  to  a  temj^erature  of  15°  Celsius; 
then  drop  slowly  an  hydrometer  into  the  same,  and  read  the  number 
at  the  surface  of  the  oil.  This  number  indicates  the  specific  grayity 
of  the  tar-oil  at  15°  Celsius;  small  variations  in  temperature  are  of 
minor  importance,  and  can  be  corrected  closely  enough  by  adding  or 
subtracting  3  to  the  figure  in  the  third  place  of  the  specific  gravity 
for  every  2-  variation  from  15°  Celsius. 

Labokatoet  Distillation  or  the  Tak-Oil. 

By  means  of  a  funnel,  102  cu.  cm.  of  tar-oil  at  about  15°  Celsius 
are  to  be  filled  into  a  retort,  a  thermometer  is  to  be  inserted,  but  in 
such  a  manner  that  the  quicksilver  ball  shall  be  in  or  below  the  neck 
of  the  retort  but  shall  not  touch  the  oil,  or  will  not  be  covered  by  the 
same.  The  retort  must  be  heated  slowly,  until  all  the  water,  which 
is  contained  in  nearly  every  tar-oil,  is  evajjorated.  Stronger  heat  can 
then  be  applied  to  the  retort,  but  it  must  be  so  regulated  that  in  one 
second  two  drops  will  distill  over.  The  distilled  i)roduct  will  be 
caught  in  a  graduated  glass  cylinder,  and  the  different  quantities  are 
to  be  read  and  noted  which  distill  over  from  the  oil  (become  volatile), 
within  the  various  intervals  of  temijerature,  say  to  125°  Celsius  (150°) 
from  150°  to  235°,  and  again  from  150°  to  355°  Celsius,  and  which  are 
specified  in  the  "Description  of  the  Process,  and  Specifications  "  as  to 
the  composition  and  proportions  of  the  impregnating  fluid. 

Finding  the  Pekcentage  of  Cakbolic  Acid. 
(Aero  Constituents  of  the  Oil.  ) 

The  entire  amount  of  the  distilled  tar-oil  is  to  be  mixed  in  a  sej^ar- 
ating  funnel  with  50  cu.  cm.  of  caustic  soda  of  1.15  specific  gravity  at 
15°  Celsius,  shaken  well  for  about  five  minutes,  after  which  let  it  stand 
and  settle.  The  caustic  soda  absorbs  the  carbolic  acid  and  precipi- 
tates; the  stoi^cock  of  the  funnel  is  to  be  opened  and  the  precipated 
caustic  soda  is  caught  in  a  200-cu.  cm.  graduated  glass  cylinder.  The 
same  oiJeration  must  also  be  repeated  with  50  cu.  cm.  of  fresh  caustic 
soda,  to  make  sure  that  all  carbolic  acid  is  extracted  from  the  oil.  The 
caustic  soda  of  both  manijjulations  is  then  to  be  combined,  about  two 
tablespoonfuls  of  salt  (Na  CI)  added  and  this  dissolved  by  means  of 
stirring;  the  required  quantity  of  concentrated  muriatic  acid  (H  CI) 
added,  and  the  combination  again  stirred  up  until  well  mixed.  After 
cooling  off  the  hot  mixture,  read  the  quantity  of  the  sei^arated  carbolic 
acid  in  percentage  of  cubic  centimeters,  and  add  to  this  number  ^% 
for  the  small  amount  of  carbolic  acid  still  remaining  in  the  acid 
solution. 

All  the  figures  obtained  are  to  be  compared  with  those  specified  in 
the  description  of  the  composition  and  proj^ortions  of  the  impregnat- 
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in<»  fluiils.  Small  differcuces  should  not  be  cause  for  rejection,  as 
small  variations  in  testing,  resulting  from  barometric  changes,  cannot 
be  avoided,  and  the  result  of  the  test  is  influenced  by  them.  How- 
ever, the  tigures  obtained  bv  the  above-described  tests  are  sufficiently 
close  to  judge  of  the  (quality  of  the  imi)regnatiug  fluids.  It  is  not 
advisable  that  the  tar-oil  for  testing  be  taken  directly  from  the  ship- 
ping tank,  but  it  is  better  to  take  the  samples  from  the  receptacle  of 
the  apparatus  in  the  impregnating  plant  from  Avhich  the  mixing  ves- 
sels, or  the  im])regnatiug  cylinder  (in  the  impregnation  with  pure  oil) 
will  be  siipplied. 

The  Chief  of  the  Ojieratiag  Inspection  3. 

(Signed.)     Settgast. 

Beklin,  June  14th,  1899. 


530  DISCUSSION  ON  PKESERVATION  OF  RAILWAY  TIES. 

r>iscu  ssioN. 


Mr.  Croes.  J.  James  R.  Ceoes,  M.  Am.  Soc.  C.  E. — This  interesting  paper  con- 
tains many  valuable  facts  and  figures,  but  the  variety  of  notation  used 
in  presenting  them  renders  it  somewhat  difficult  to  compare  the  results 
attained  in  different  countries  and  by  different  processes  of  preserva- 
tion. Thus,  in  Table  No.  1,  which  gives  data  from  English  railroads, 
the  amount  of  creosote  used  is  given  in  pounds  per  cubic  foot,  gallons 
per  cubic  foot,  pounds  per  tie  and  gallons  per  tie,  indiscriminately, 
without  any  statement  as  to  the  relation  of  the  tie,  the  cubic  foot,  the 
pound  and  the  gallon.  Then,  too,  the  number  of  ties  renewed  annu- 
ally is  given  without  any  reference  to  the  total  number  of  ties  in  use 
or  the  length  of  the  track,  excejit  in  one  case  where  the  number  of  ties 
renewed  annually  jier  mile  is  given.  So,  also,  in  Table  No.  2,  giving 
data  of  French  railroads,  the  length  of  track  on  which  the  observations 
were  made  is  not  given  at  all;  simply  the  total  number  of  ties  renewed 
annually.  However,  the  cost  of  treatment  per  tie  is  given  uniformly 
in  American  cents  per  tie  and  that  is,  after  all,  what  it  is  necessary  to 
know,  in  connection  with  the  life  of  the  tie,  to  determine  the  relative 
advantage  of  using  different  methods  of  treatment  or  no  treatment 
at  all.  As  the  author  well  says,  it  is  not  economical  to  spend  as 
much  money  on  the  i^reservation  of  a  cheap  tie  as  might  be  spent  in 
extending  the  life  of  one  of  great  first  cost,  and,  therefore,  cheaper 
and  more  inferior  methods  of  preservation  than  are  found  advanta- 
geous in  Enroi^e,  where  the  timber  costs  more,  may  well  be  aijplied 
in  this  country. 

The  author  gives  as  the  first  two  of  the  leading  features  of  tie 
treatment  in  Europe,  (1)  close  inspection  of  raw  ties,  rejecting  all 
defects,  and  (2)  thorough  seasoning  for  six  to  twelve  months  before 
treatment.  It  appears  that  he  has  found  it  desirable  to  introduce 
these  featui'es  in  his  own  works  in  this  country.  A  number  of  railroad 
managers  and  engineers  have  found  it  to  their  advantage  to  take  the 
same  precaution  vrith.  reference  to  the  ties  to  be  used  in  their  roads, 
without  treatment.  Indeed,  some  engineers  go  so  far  as  to  say  that 
this  preliminary  treatment  appears  to  prolong  the  life  of  the  average 
tie  more  than  the  subsequent  injection  of  a  small  quantity  of  cheap 
chemicals.  It  would  seem  as  if  this  question  was  worth  a  careful 
investigation  and  a  comparison  of  two  distinct  sections  of  road,  one 
laid  entirely  with  untreated  ties  selected  and  seasoned  under  cover 
for  a  proper  length  of  time,  and  the  other  laid  with  treated  ties  from 
some  one  of  the  commercial  tie  plants.  One  difficulty  connected  with 
the  determination  of  the  whole  question  is,  as  the  author  says,  the  fact 
that  it  requires  nearly  half  a  business  lifetime  to  arrive  at  any  results, 
and  the  ijroportion  of  an  official  lifetime  is  much  greater.     In  carrying 
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<out  auy  series  of  experiments  or  iusi>ei'tion,  uniformity  of  method  is  Mr.  Croes. 
<lesirul)le,  ami  that  is  not  easily  maintained  under  clianges  of  adminis- 
tration. From  the  Society  lists  for  the  years  IHDU  and  1900  it  appears 
that  of  one  hundred  members  holding  the  position  of  chief  engineer  of 
A  railroad  in  the  former  year  only  30",,'  held  the  same  position  in  1900. 
Promotion,  transfer,  resignation  or  death,  had  caused  the  changes  of 
administration,  and,  in  the  absence  of  any  uniform  and  standard  sys- 
tem of  recording  facts  and  statistics,  had  doubtless  produced  changes 
of  method  which  caused  previously  collected  data  to  be  of  little  or 
no  use.  The  valuable  papers  of  Mr.  Chanute  and  Mr.  Curtis*  empha- 
size the  need  of  a  concert  of  action  among  the  engineers  of  railroad 
maintenance,  in  the  collection  and  recording  of  important  statistics. 

W.  B.  Reed,  Assoc.  M.  Am.  Soc.  C.  E. — There  are  a  few  vulcanized  Mr.  Reed, 
ties  on  the  Metropolitan  Railway,  and,  as  nearly  as  the  speaker  can 
ascertain,  these  were  laid  about  eight  years  ago.  In  taking  out  some  of 
them  recently,  they  were  found  to  be  so  soft  that  they  would  not  hold  a 
spike.  They  did  not  seem  to  be  decayed,  but  had  evidently  absorbed 
more  or  less  moisture  from  the  ground,  and  were  not  fit  to  be  used 
again.  On  the  other  hand,  some  long-leaf  Georgia  pine  or  southern 
pine  ties,  without  any  treatment,  which  had  been  laid  by  the  speaker 
5ix  years  or  seven  years  ago,  are  perfectly  fit  to  be  used  again,  and  are 
thought  to  be  good  for  five  or  six  years'  more  service.  Of  course,  the 
conditions  are  different  from  what  they  would  be  on  a  steam  railroad, 
or  on  an  elevated  railroad.  The  ties  are  protected,  more  or  less,  by  the 
paving  of  the  streets,  and  are  surrounded  by  the  gases  of  various  kinds 
under  the  street  pavements  of  New  York.  Whether  or  not  that  is  a 
l^reservative,  the  sjjeaker  is  unable  to  say. 

Eight  or  nine  years  ago,  the  speaker  used  5  000  vulcanized  ties  in  a 
surface  railroad  in  the  northern  jjart  of  New  York  State.  Eive  or  six 
years  later,  owing  to  a  change  in  the  leaving,  some  of  these  ties  were 
dug  up  and  were  found  to  be  so  soft  that  they  would  not  hold  a  spike, 
although  they  did  not  show  much  decay. 

These  ties  were  of  short-leaf  yellow  pine,  which  may  be  one  cause 
for  the  trouble.  The  wood  w^as  certainly  softer  in  the  beginning  than 
the  hard  pine  now  being  used  in  the  streets  of  New  York  where  tie  con- 
struction is  used. 

The  speaker  is  not  able  to  say  whether  or  not  these  soft  ties  would 
Jiave  hardened  when  dried  out  by  exposure  to  the  air.  He  did  not  try 
them,  as  he  did  not  think  they  w^ere  worth  saving.  The  whole  tie  was 
very  soft,  and  there  was  not  a  great  deal  of  moisture.  The  ties 
referred  to  were  taken  out  at  the  intersection  of  Twenty-third  Street 
and  Ninth  Avenue,  where  the  ground  is  not  low,  but  is  fairly  well 
drained,  although  the  paving  at  that  point  had  no  concrete  founda- 
tion, and  more  or  less  moisture  could  get  through  the  pavement  into 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xlii,  p.  288. 
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Mr.  Reed,  the  ground.  The  other  ties  taken  out  (long-leaf  southern  pine,  not. 
treated)  were  on  South  Street.  They  were  protected  more  or  less  by 
a  concrete  foundation  under  a  granite  block  pavement,  with  tar  and 
gravel  joints,  but  South  Street  is  very  wet  a  great  deal  of  the  time;  in 
fact,  it  is  flooded  with  water  for  a  long  time  after  a  storm,  so  that  the 
ground  underneath  is  a  good  deal  more  moist  than  at  Twenty-third 
Street  and  Ninth  Avenue. 
Mr.  Tillson.  Q.  M^.  TxLiiSON,  M.  Am.  Soc.  C.  E. — The  speaker  was  interested 
some  time  ago  in  looking  up  the  methods  and  history  of  the  pres- 
ervation of  timber,  to  see  how  long  ago  it  was  first  taken  wp,  and  the 
many  and  curious  experiments  which  were  made.  It  is  known  that  as 
far  back  as  1657  a  German  recommended  the  use  of  tar  as  a  preserva- 
tive of  timber,  and  Baumeister,  m  1798,  was  very  much  in  favor  of  the 
use  of  salt.  It  was  found  that  the  timber  used  in  ships  engaged  in  the 
salt-carrying  trade,  as  well  as  that  used  in  the  shoring  up  of  salt  mines, 
lasted  a  much  longer  time  than  timber  under  ordinary  conditions,  and 
the  speaker  was  surjirised  this  last  summer,  when  visiting  the  wooden 
shipbuilding  section  of  Maine,  to  find  that  they  made  use  of  that  prac- 
tice there  now.  The  salt  is  distributed  in  great  quantity  among  the 
timbers  in  the  framework  of  the  vessel,  between  the  outer  and  the 
inner  planking,  and  adds  materially  to  the  life  of  the  vessel.  This 
value  of  the  salt  is  considered  more  on  account  of  its  hygroscopic  than 
its  antiseptic  properties. 

Boucherie,  of  whom  the  author  speaks,  had  a  system  of  treatment 
in  the  early  part  of  the  nineteenth  century,  which  was  certainly  novel 
and  unique.  The  timber  to  be  treated  was  chosen  while  standing  in 
the  forest.  Large  cuts  were  made  at  the  bottom  of  the  trunk  and  a 
receptacle  built  around  it;  then  the  liquid  proposed  to  be  used  was 
put  in  this  receptacle  and  the  respirative  action  of  the  tree — 
the  suction — drew  the  liquid  up  into  the  trunk  and  branches  and  thus 
preserved  it.  Another  method,  practically  the  same,  although  some- 
what different  in  detail,  was  to  cut  the  tree  down  first  and  then  insert 
the  butt  of  the  tree  in  a  vat  containing  the  preserving  liquid.  It  is 
stated  in  Parnell's  Applied  Chemistry  that  a  poplar  tree  90  ft.  high 
absorbed  10  cu.  ft.  of  acetate  of  iron  in  six  days,  the  liquid  having 
a  specific  gravity  of  1.056,  and  that  it  would  go  up  as  far  as  the 
leaves.  If  engineering  is  admitted  to  be  the  adaptation  of  the  i^owers 
of  Nature  to  the  uses  of  man,  this  would  seem  to  be  a  case  of  the  pure 
science. 

In  Mr.  Kummer's  paper*  some  reference  is  made  to  the  treatment 
of  wood  for  pavements.  The  speaker  thinks  that  Indianapolis,  Ind., 
is  the  only  city  in  this  country  in  which  wood  as  a  paving  material  for 
an  improved  pavement  is  being  considered  seriously.     Experiments 

*  "A  Proposed  Method  for  the  Preservation  of  Timber,''  Transactio7i.s,  Am.  Soc.  C. 
E,.  Vol.  xliv,  p.  181. 
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Lave  been  eouilm-ted  there  for  three  or  four  yoarn,  and  this  year  a  Mr.  TUIsod, 
large  quautity  of  it  has  been  laid.  The  timber  is  treated  by  the  ordi- 
nary ereosoting  process,  the  specificatious  requiring  10  lbs.  of  oil  per 
■cubic  foot  of  wood.  The  pavements  treated  by  this  method  cost 
about  ^2.50  per  yard.  In  London  and  other  English  cities  which  use 
wood  as  a  pavement,  soft  wood,  Baltic  deal,  is  treated,  while  hard  or 
Australian  woods  are  untreated.  Of  course,  the  principle  by  which 
they  determine  whether  they  shall  or  shall  not  creosote  the  wood  is 
practically  the  same  as  with  railroad  ties.  If  the  traffic  is  such  that 
the  wood  will  wear  out  before  it  would  naturally  decay,  it  is  not 
treated;  but  if  the  traffic  is  light,  so  that  the  wear  will  not  be  very 
much,  but  the  life  of  the  pavement  be  determined  by  its  ability  to 
resist  the  action  of  the  weather,  then  the  question  of  ereosoting  comes 
in,  and  when  the  relative  lives  of  the  creosoted  and  the  uncreosoted 
tlocks  are  known,  and  also  the  cost  of  the  treatment,  whether  it  shall 
or  shall  not  be  used  is  simply  a  question  of  mathematics,  as  in  the 
case  of  ties. 

Mendes  Cohen,  Past-President,  Am.  Soc.  C.  E. — When  this  subject  Mr.  Cohen, 
was  under  discussion  before  the  Society  some  years  ago,  the  speaker 
stated  as  the  result  of  his  experience  with  the  Buruettizing  process  on 
the  railways  of  the  Lehigh  Coal  and  Navigation  Company,  while  under 
liis  charge,  that  the  process  was  effective,  not  only  in  increasing  the 
durability  of  the  ordinary  tie  timber,  but  that,  m  a  measure,  it  tended 
to  lessen  the  original  average  cost  of  the  ties  by  making  available  for 
such  use  some  of  the  softer  timber,  greatly  toughened  by  the  treat- 
ment, which  could  not,  otherwise,  have  been  used  in  the  track. 

He  also  then  stated  that  the  use  of  the  Burnettizing  process  was 
suspended  on  that  work  only  because  the  location  and  arrangement  of 
the  yard  and  plant  was  not  consistent  with  economical  handling. 
Before  its  re-location  was  effected,  the  railway  projierty  passed  into 
the  control  of  another  corporation,  and  the  sj^eaker  had  no  further 
information  in  regard  to  it. 

Samuel  Whineky,  M.  Am.  Soc.  C.  E. — From  the  speaker's  observa-  >lr.  WMner 
tion  in  a  number  of  cases,  he  thinks  that  a  great  deal  more  importance 
attaches  to  the  j^roper  selection  of  the  wood  to  be  treated  than  has 
•often  been  devoted  to  the  matter.  In  some  of  the  work  which  he  has 
observed,  the  timber  was  cut  without  much  reference  to  whether  it  was 
long-leaf  yellow  pine  or  scrub  pine.  It  was  brought  to  the  works  in 
all  conditions  of  seasoning,  and  he  has  no  doubt,  from  the  observa- 
tions made  since,  as  well  as  from  what  Mr.  Chanute  states  in  the  paper, 
that  the  careful  selection  of  the  timber  and  its  proper  preparation  by 
seasoning  before  it  is  treated  has  much  to  do  with  the  success  of 
the  process.  In  the  case  of  paving  blocks,  there  can  be  no  question 
that  properly  selected  wooden  blocks,  properly  creosoted,  will  give 
much  better  results  in  all  cases  where  untreated  blocks  would  fail 
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r.  "Whinery.  by  natural  decay  before  they  are  worn  out  by  the  travel  over  them; 
but  it  is  very  doubtful  whether  creosoting  adds  anything  to  the  ability 
of  the  blocks  to  withstand  the  abrasion  of  travef. 

From  what  one  often  sees  in  practice,  it  would  seem  that  anything- 
is  considered  good  enough  to  creosote.  That  is,  that  almost  any  kind 
of  wood,  even  if  partly  decayed,  is  all  right  if  creosoted.  The  idea  that 
creosoting  is  a  cure  for  all  the  evils  that  wood  is  heir  to  is  undoubt- 
edly wrong.  If  great  care  were  taken  to  properly  select  the  timber, 
and  to  properly  prej^are  it  for  the  process,  there  would  be  fewer  records 
of  failure. 

Those  who  have  had  exi^erience  in  using  yellow  pine  ties  on  south- 
ern railroads  know  very  well  that,  in  the  first  place,  there  are  not 
many  inspectors  who  can  distinguish,  when  a  tie  is  dressed  and  deliv- 
ered on  the  road,  whether  it  is  of  long-leaf  yellow  pine  or  bastard  j^ine, 
that  is,  in  appearance  one  merges  so  gradually  into  the  other  that  it  is 
sometimes  difficult  to  decide.  We  know  very  well,  though,  that  of  a 
lot  of  ties  put  into  a  track  at  a  given  time,  some  will  begin  to  fail  in  4 
years,  more  in  5  and  many  more  in  6  years,  and  that  some  will  last  10 
years,  and  a  few  will  last  even  11  and  12  years.  The  conditions  of  use 
.  being  practically  the  same,  the  difference  in  durability  must  be  .due  tO' 
a  variation  in  the  quality  of  the  timber. 
Jilr.  Rowe.  Sastcel  M.  Eowe,  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Chanute's 
paper,  embodying,  as  it  does,  a  fair  epitome  of  European  experience 
and  knowledge  up  to  the  present  time,  is  of  much  interest  to  those 
concerned  in  timber  preservation  in  this  country,  and  seems  to  deserve 
more  than  a  jiassing  notice. 

The  following  is  a  synopsis  of  the  salient  points  to  which  the 
writer  will  revert,  and,  for  the  sake  of  brevity,  and  to  avoid  the 
necessity  of  referring  directly  to  the  subject  in  each  individual  case^ 
he  will  take  them  up  in  the  order  given: 

{a)  Greater  cost  of  creosoting  than  of  Bumettizing. 

(6)  Life  of  treated  ties  in  Europe  as  compared  with  this  country.. 

(cj  Selection  of  timber. 

(d)  Drainage  of  road  bed. 

(e)  Thorough  permeation  of  the  timber  by  the  preservative. 
(/)  Increasing  the  amount  of  chemicals  injected. 

{g)  Minute  care  during  all  stages  of  treatment.     (Impregnation.) 
(h)  Treatment  of  oak.     ("White  oak.) 
[i)  Test  of  strength  and  jjurity  of  chemicals. 
(j)  Timber  supply. 

(«)  In  regard  to  the  creosote  process,  Mr.  Chanute's  observations  in. 
Europe  seem  to  confirm  the  correctness  of  the  position  taken  by  the 
writer  and  many  others  in  this  country,  that,  owing  to  the  difficulty  of 
procuring  suitable  oil,  and  from  its  large  and  continually  increasing 
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cost,  the  iiroooss  is  virtually  ruled  out  iu  this  country,   except,  per-  Mr.  Ilowe. 
haps,  in  special  work  required  to  protect  timber  against  the  teredo. 

This  is  also  true,  iu  some  degree,  with  the  zinc-creosote  process  by 
Mr.  Rutgers,  of  which  process  Mr.  Chauute  seems  to  think  very 
highly. 

{b)  In  regard  to  the  life  of  treated  ties  in  this  country,  the  exjjeri- 
ence  on  the  Atchison,  Topeka  and  Santa  Fe  K.  R.  and  the  Southern 
Pacific  R.  R.,  after  12  to  15  years,  seems  to  fix  the  mean  at  10  to  12 
years,  where  the  .zinc-tannin  process  was  used. 

In  this  connection,  the  writer's  experience  may  be  of  value.  The 
original  mountain  pine  ties  were  laid  on  a  portion  of  the  Southern 
Division  of  the  A.  T.  Jc  S.  F.  R.  R.  in  1880,  and  by  1886  the  right  of 
way  was  strewn  with  removed  ties,  or  rather,  with  masses  of  rotten 
wood,  having  but  little  semblance  to  the  ties  originally  laid.  There 
was  then  astanding  orderthat  removed  ties  should  be  piled  and  shipped 
to  the  division  points  for  locomotive  fuel.  Finally,  the  accumu- 
lation became  so  great  and  its  unfitness  for  fuel  so  obvious,  that  many 
huge  bonfires  were  the  result.  From  this  exjierience  with  untreated 
pine  ties,  a  life  of  4;  years  was  all  that  could  be  deduced.  Some  of 
these  ties  failed  in  the  third  year,  and  the  company  was  face  to  face 
with  a  serious  problem.  In  July,  1885,  the  Las'Vegas  Timber  Treat- 
ing Works  were  installed,  and  have  been  in  almost  constant  o^Deration 
since,  but  no  systematic  count  of  treated  ties  removed  was  made 
until  early  in  1897,  since  which  time  the  company  has  worked  quite 
carefully  to  secure  a  record.  Although  this  record  is  too  limited  as 
yet  for  definite  estimate,  it  furnishes  a  basis  for  a  statement  (by  the 
laws  of  averages)  by  which  the  i^robable  mean  life  can  be  estimated. 
On  the  assumijtion  that  the  mean  life  is  12  years,  it  is  found  that  of  the 
earlier  treated  ties,  not  anything  like  the  numbers  that  should  have 
jjerished  have  been  removed,  so  that  it  is  projjer  to  assume  that  12 
years  is  too  low.  The  writer  is  informed  that  very  many  ties  laid  in 
1885  are  still  in  the  track,  and  he  would  not  be  surprised  to  find  some 
still  in  at  the  end  of  the  twentieth  year.  To  settle  this  definitely, 
however,  will  require  the  record  of  the  next  3  or  4  years.  We  have, 
nevertheless,  sufficient  to  show  the  marked  contrast  between  the  un- 
treated and  the  treated  ties,  and  there  are  frequent  acknowledgments 
from  the  management  that  the  substitution  of  the  tr-eated  ties  has  re- 
sulted in  marked  economy.  It  should  be  further  remarked,  that  the 
condition  of  the  track  is  now  very  much  better  than  was  possible  when 
untreated  ties  were  being  used,  and  that  the  treated  ties,  when  removed, 
are  in  much  better  condition  than  the  untreated,  having  still  con- 
siderable sound  timber  remaining,  whereas  the  untreated  ties  when 
removed  are  entirely  gone. 

There  is  no  parallel  by  which  to  compare  the  results  with  those  in 
Europe,  except  one  case  of  jjine  in  France,   and  in  the  case  of  Mr. 
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Mr.  Rowe.  Rutger's  zinc-creosote,  where  the  result  as  to  life  is  somewhat  better 
than  is  given  here  with  the  zinc-tannin  jirocess. 

(cj  The  advisability  of  drawing  high  requirements  as  to  the  quality 
of  the  timber  in  this  country  is  not  clear,  except  merely  for  comparison 
with  work  in  Europe  where  the  specifications  are  severe,  which  is  here 
of  little  consequence  practically.  The  fact  is,  that  the  tie  supply  in 
this  country  has  been  and  will  continue  to  be  drawn  from  inferior 
woods;  and  even  with  the  oaks,  only  the  inferior  portion  is  being  made 
into  ties,  while  the  select  portions  go  to  other  i^urjioses.  This  is  true 
as  to  other  and  less  durable  timbers,  not  heretofore  considered  fit  for 
ties;  hence  the  railroads  will  continue  to  buy  the  cheaper  grades.  It 
is  in  consequence  of  these  conditions  that  the  soft  and  inferior  woods, 
by  the  aid  of  treatment  by  which  their  lasting  qualities  are  made 
greater  than  those  of  the  best  oak,  will  be  sought.  Thus  is  opened  a 
much  enlarged  field  of  supply,  together  with  a  reduction  in  cost  and  a 
very  marked  reduction  in  the  cost  of  maintenance. 

Another  point  which  may  properly  be  noticed  is  the  sawing  of 
ties  from  large  logs,  which  should  make  good  ties  on  account  of  the 
superiority  of  the  timber  and  its  lasting  qualities  compared  with  the 
sap-pole  tie  made  from  the  same  kind  of  timber.  The  timber  should 
last  one-half  longer  at  least,  other  conditions  being  equal.  The 
practice  now  common  is  to  cut  the  ties  6x8  ins.,  and  8  ft.  long,  con- 
taining 2f  cu.  ft. ,  while  the  mean  volume  of  the  jiole  tie,  uijon  which 
the  number  and  distribution  of  ties  under  the  rail  has  been  founded 
in  railroad  practice,  is  more  than  4  cu.  ft.  These  sawed  ties  are  so 
small  that  they  do  not  form  a  sufficient  support  for  the  rail,  unless 
the  number  is  materially  increased;  and  they  are  apt  to  fail,  from 
rail  wear  or  from  insiifficient  body  to  hold  the  spikes,  long  before  the 
timber  decays.  It  would  seem  that  a  tie  7x9  ins.,  with  a  volume  of 
dh  cu.  ft.,  would  be  as  small  as  should  be  made.  Such  a  tie,  properly 
treated,  would  last  15  years  or  more. 

In  connection  with  English  timber  preservation,  Mr.  Chanute 
mentions  "  Baltic  redwood."  In  discussing  these  questions  it  would 
be  well  to  state,  for  each  kind  of  wood,  the  characteristics  by  which 
it  might  be  judged.  These  characteristics  have  much  to  do  with  the 
lasting  qualities,  and,  if  some  standard  could  be  devised,  for  instance, 
the  oak,  heavy,  close-grained,  strong  and  lasting,  the  beech,  walnut, 
etc.,  close,  even  grain,  but  not  so  strong  or  lasting,  and  lastly, 
the  pines,  etc.,  so  as  to  enable  those  interested  to  judge  some- 
what as  to  their  character,  it  would  be  a  great  aid  in  comparing 
results.  Mountain  pine,  to  which  western  railroads  are  obliged  to 
resort,  runs  largely  to  open-grained  timber,  easily  penetrated  and 
taking  the  treatment  readily  if  dry,  yet  it  is  an  inferior  timber,  with 
many  imperfections.  Of  course,  some  jiortions  of  the  large,  well- 
grown  trees  give  sound,  compact,  well-matured  fiber,  and  therefore. 
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sboulil  be  iiuite  lastiujj:,  but  taUiug  uU  to'^'cthor,  the  timber  treated  iu  Mr.  Rowe. 
Europe,  hi}j:li  i)ricetl,  eut  and  shipijed  iiudor  severe  apecifieations, 
forms  hardly  a  fair  parallel.  The  verj  fact  that  these  A.  T.  &  S.  F. 
K.  R.  ties  have  been  made  to  last  12  years,  or  anything  like  it,  siieaks 
well  for  the  efficiency  of  the  treatment  and  methods  followed  at  Las 
Ye^ias. 

(//)  Mr.  Chauute  mentions,  as  one  of  the  conditions  favorable  to 
the  life  of  the  tie,  the  thoroiigh  drainage  of  the  road-bed. 

In  this  country,  in  almost  all  cases,  the  treated  ties  are  shipped 
directly  from  the  works  to  the  locality  where  needed,  and  are  there 
racked,  ready  to  be  put  in  place.  In  the  interval,  they  receive  a 
certain,  or  rather,  an  uncertain,  amoiint  of  drying,  and  are  then  jiut 
in  track.  In  a  dry  climate  this  is  not  so  important,  but  in  a  moist 
climate  it  is  conceded  that  the  ties  should  be  quite  dry  before  being 
placed.  Taking  this  condition  as  requisite,  the  effect  on  the  tie  of 
exposure  to  the  elements  will  be  considered.  The  generally  accepted 
theory  of  the  capillary  process  of  absorption  of  water  when  the  wood 
comes  in  contact  with  it,  is  probably  correct.  The  chloride  in  the 
treated  tie,  being  readily  soluble,  is  dissolved  by  the  water,  and 
carried  with  it  as  it  penetrates  the  piece.  By  the  contrary  operation 
of  surface  evaporation  in  drying  out,  the  chloride  Avill  be  gradually 
dropijed,  and  finally,  such  of  it  as  reaches  the  surface  of  the  wood, 
will  be  deposited  on  its  surface,  or  in  the  soil  in  which  the  tie  is 
l)edded  and  there  be  lost.  It  is  easy  to  see  that  this  may  result  in 
loss  and  final  wasting  away  of  the  antiseptic  to  a  greater  or  less  degree, 
depending  upon  the  frequency  of  the  exj^osure.  Then,  when  drain- 
age is  imperfect  and  the  tie  lies  in  the  water  all  the  time,  the 
absorjjtion  being  continually  from  the  bottom  and  the  evajjoration 
from  the  top,  it  is  easy  to  see  that  the  waste  must  be  more  rapid  than 
when  it  is  alternated,  as  by  showers  of  rain. 

In  confirmation  of  this  general  theory,  the  Department  of  Agri- 
culture has  made  some  careful  investigations  on  alkali  soils,  by  which 
it  is  found  that  alkali  sinks  into  the  soil  on  free  application  of 
irrigating  water,  allowing  cultivation  of  the  soil,  but  when  the  irri- 
gation ceases  and  the  ground  is  exposed  to  extended  drought,  the 
alkali  again  rises  and  the  land  becomes  sterile  as  before. 

The  alkali  (sodium  sulphate)  existing  in  the  soils  and  ground- 
waters of  the  western  plains  has  the  same  characteristics  as  chloride 
of  zinc,  being  only  a  little  more  readily  soluble,  and  increases  the 
specific  gravity  of  the  water.  At  Edgemont,  S.  Dak.,  the  water  used 
has  nearly  125  grains  of  sodium  sulphate  j)er  gallon,  giving,  at  60^ 
Pahr.,  a  hydrometric  reading  of  0.25°  Beaume,  so  that  this  correction 
has  to  be  made  in  reading  the  strength  of  the  chloride  solution. 

It  would  seem,  too,  that  the  effect  of  water  on  creosoted  timber, 
while  not  so  deleterious  as  on  the  chloride  (as  it  only  affects  the  lighter 
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Mr.  Rowe.  and  less  valuable  i^arts  of  the  oil),  is  still  sufficient  to  demand  atten- 
tion. Creosote  not  being  at  all  soluble,  a  different  cause  for  its  ex- 
pulsion must  be  sought.  It  is  well  known  that  wood  expands  when 
exposed  to  dampness,  the  wood  fiber  absorbing  the  water  and  opening 
up,  while  the  wood  swells.  The  result  is  that  the  oils  are,  to  some 
extent,  squeezed  out. 

In  this  connection  the  writer  has  under  examination  samples  of 
paving  blocks  treated  by  the  "  Creo-resin  process,"  furnished  by  the 
kindness  of  City  Engineer  Erickson.  These  blocks  seem  to  be  well 
impregnated  with  creosote  oil,  reinforced  by  a  quantity  of  resinous 
pitch,  and  they  have  every  apisearance  of  being  an  excellent  paving 
material.  These,  with  similar  untreated  blocks,  were  immersed  in 
water  on  September  ith,  1900,  and  have  now  been  in  60  days.  At  30 
days  the  absorption  by  the  treated  blocks  was  only  about  BS%  of  that 
of  the  untreated,  the  resinous  pitch  exuding  but  slightly;  but  at  the 
end  of  60  days  the  absorption  of  the  treated  blocks  had  gained  con- 
siderably, as  comiJared  with  those  untreated,  and  a  large  amount  of 
pitch  had  come  to  the  surface,  appearing  in  large  globules  adhering  to 
the  blocks.  So  marked  was  this  action  that  it  was  deemed  desirable 
to  extend  the  exjieriment  another  month,  and  note  further  its  extent. 

Eeverting  to  the  original  question  of  thorough  drainage  of  the 
roadbed,  it  would  seem  unnecessary  to  insist  on  this  in  this  advanced 
age  of  railroading,  as  such  neglect  is  so  destructive  to  the  track  as  a 
whole  and  to  the  reputation  of  the  roadmaster.  It  is  easy  to  see  that 
if  the  action  just  described  takes  place,  it  would  be  likely  to  soon 
exhaust  any  antiseptic  that  could  be  jDut  into  the  timber. 

(e)  The  most  thorough  permeation  of  the  timber  by  the  antiseptic 
is  a  fundamental  part  of  the  work,  so  far  as  the  zinc-tannin  or  the  Bur- 
nett process  is  concerned.  The  application  of  a  stronger  solution 
superficially  will  not  make  up  for  the  lack  of  permeation,  as  it  is  not 
known  that  the  chloride  will  difi"use  in  time.  Steaming  under  press- 
ure is  the  best  and  most  effective  means  to  secure  through  jjermea- 
tion,  and  it  must  be  gauged  or  prolonged  to  meet  the  character  and 
condition  of  the  timber.  Oversteaming  sometimes  will  reduce  the 
amount  of  absorption  of  the  solution,  but,  on  the  other  hand,  the  per- 
meation will  be  more  perfect.  Thorough  jiermeation  by  the  steam  can 
be  best  observed  by  noting  the  character  and  condition  of  the  con- 
densations blo-mi  from  the  retort  from  time  to  time.  First  will  be  ob- 
served the  condensations  caused  by  the  steam  coming  into  contact 
with  the  more  or  less  cold  charge;  nexj;,  will  follow  a  discharge  of 
water  tainted  with  the  juices  of  the  timber,  increasing  in  its  turbid 
and  frothy  condition  as  the  steaming  progresses,  and  then  losing  this 
character  gradually  and  flowing  off  in  the  form  of  pure  condensed 
steam  or  water.  This  last  stage  indicates  that  the  steam  has  reached 
the  heart  of  the  timber,  which  is  then  in  pro^ser  condition  to  receive- 
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the  sohitiou,  whether  creosote  oil,  chhiriile  solutiou  or  whatever  is  Mr.  Rowe. 
used.  From  the  quantity  of  this  highly  charged  water  thus  thrown 
oft',  the  impression  is  that  the  timlier  has  been  cleared  largely  of  its 
natural  juii-es  and  of  fermentable  matter  inherent  therein.  The 
vacuum  drawn  at  the  termination  of  steaming,  of  course,  will  still  fur- 
ther free  it  from  any  remnants  of  saps,  but  its  chief  tunction  is  to  draw 
the  air  and  vapors  from  the  retort  and  prepare  the  timber  for  the  in- 
trodiaction  and  absorption  of  the  solution,  which  is  let  in  while  the 
vaciium  is  still  on. 

How  absorption  takes  place  when  this  point  is  reached,  the  follow- 
ing observations  made  at  Las  Vegas  in  1S85  will  best  show: 

*  Hewn  ties.  Sawed  ties. 

First  half-hour 0.42  per  cent.  0.54  per  cent. 

Second  half-hour 0.24    "       "  0.31    "      " 

Third  half-hour 0.16    "      "  0.07    "      " 

Fourth  half-hour 0.11    "      "  0.04    "      " 

Fifth  half-hour 0.07    "      "  0.03    "      " 

(/)  The  question  of  the  injection  of  liberal  quantities  of  chemicals 
is  of  great  interest  just  now,  when  managers  are  looking  to  reduction 
of  cost.  The  chemicals  form  the  most  costly  part  of  the  treatment, 
and,  while  it  must  be  insisted  that  enough  be  used  to  get  the  best  re- 
sults, there  is  an  extreme  which  cannot  be  jmssed  without  wasteful- 
ness. At  the  time  the  writer  was  in  the  a-b-c  of  this  matter,  he  w-as 
instructed  that  ^^-o  of  1%  of  the  weight  of  the  timber  was  the  mini- 
mum amount  of  chloride  allowable.  On  this  basis,  a  careful  deter- 
mination of  the  mean  weight  jjer  cubic  foot  of  the  dry  ties  for  treatment 
at  Las  Vegas  was  31  lbs.  or  thereabout.  One-quarter  of  1%  would  be 
0.075  lb.  of  pure  chloride,  or  a  little  over  1  oz.  pev  cubic  foot  of  tim- 
ber. In  view  of  the  statements  in  the  preceding  paragraph,  it  might 
seem  to  be  enough.  In  any  case,  the  mean  absorption  of  the  ties 
treated  in  1885  was  about  |  lb.  per  cubic  foot.  The  absorption  of 
some  of  these  ties  probably  did  not  exceed  the  minimum  mentioned, 
and  yet,  these  1885  ties  are  being  pointed  to  as  eminently  good.  The 
strength  of  the  chloride  solution  then  used  was  0.015,  or  1^%,  and  the 
average  absorption,  compared  to  volume  of  timber,  w^as  about  30  per 
cent. 

In  apisroaching  this  question  of  quantity,  the  operation  must  be 
studied  closely.  A  dry  tie  having  a  volume  of  4  cu.  ft.  would  weigh 
125  lbs.  A  green,  freshly  cut  tie  of  this  volume,  with  all  its  sap,, 
would  weigh  187  lbs.,  having  about  16  lbs.  of  sap  per  c^^bic  foot,  the 
sap  presumably  containing  almost  all  the  fermentable  agents.  As 
before  noticed,  a  lai'ge  proportion  of  the  juices  are  expelled  by  the 
steaming  and  the  vacuum,  say  75^^^^,  leaving  4  lbs.  of  saj)  to  be  neutral- 
ized by  1  oz.  of  pure  chloride,  or  a  1^%  solution. 
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Mr.  Rowe.  Mr.  Chanute  explains  that  h\  the  rule  referred  to  the  amount  was 
later  found  to  be  too  low. 

Attention  is  called  to  this,  with  the  hope  that  some  one  who  is 
favorably  situated  will  take  up  this  investigation,  as  any  proposed 
increase  in  the  cost  of  chemicals,  in  the  face  of  the  calls  for  cheaper 
work  now  being  pressed,  makes  it  very  desirable  that  something  defi- 
nite and  authoritative  should  be  determined. 

(g)  In  closing  his  valuable  paper,  Mr.  Chanute  says:  "It  cannot, 
however,  be  too  strongly  insisted  ujion  that  the  work  must  be  well  and 
skillfully  done,  for,  otherwise,  the  results  are  sure  to  be  disappoint- 
ing." 

This  is  most  heartily  emj)hasized,  and  it  follows  that  skillful  ope- 
rators must  be  emi^loyed.  In  Germany,  as  Mr.  Chanute  states,  about 
the  only  successful  and  satisfactory  work  has  been  done  by  a  juivate 
firm  who  makes  it  a  business  and  conducts  it  on  business  principles, 
and  an  important  part  of  whose  assets  consists  of  honest  work.  There 
is  no  doubt  that  any  party  operating  in  this  country  on  the  same  prin- 
cijiles  can  succeed.  In  either  case,  the  skilled  opei'ator  is  the  first 
requisite,  and  it  is  the  same  with  any  great  railroad  company  that 
decides  to  do  its  own  work.  In  Germany,  it  is  said  that  the  skilled 
operators  can  be  counted  on  the  fingers  of  one  hand,  and  j)robably  the 
same  is  true  in  this  country.  In  the  installation  of  a  j^lant  of  this 
kind,  a  matter  of  the  first  moment  is  that  an  inexperienced  and 
untrained  operator  should  no  more  be  j^ut  in  control  and  direction 
than  that  a  college  student  should  be  put  in  charge  of  one  of  the  big 
steel  plants.  The  jiroposed  "  operator  "  may  have  read  every  word  writ- 
ten on  the  subject  of  timber  preservation,  and,  if  he  has  escaped  the 
lunatic  asyltim,  he  has  reached  but  the  a-b-c  of  the  matter,  and  must 
still  have  intelligent  training  through  practical  contact  with  the  work. 
He  must  have  the  rules  fixed  by  an  experienced  teacher  and  be  made 
to  ajjply  them;  and,  above  all,  he  should  not  allow  himself  to  go 
out  on  any  theorizing  excursions,  as  all  such  are  likely  to  prove  dis- 
astrous, both  to  himself  and  his  employers. 

(h)  The  writer  is  pleased  to  note  that  oak  (isresumably  something 
like  our  white  oak)  is  not  barred  out  from  the  woods  treated 
in  Europe  Regarding  the  selection  of  tie  timber,  it  seems  to  be 
axiomatic  that  "  the  better  the  timber,  the  better  the  tie  it  will  make," 
regardless  of  treatment.  Experience  and  reason  show  this,  and  if  the 
life  of  an  oak  tie  of  the  best  quality  can  be  prolonged  but  2  years,  it 
is  economy  to  treat  it.  Taking  the  white  oak  tie  as  it  runs,  there  is 
a  strong  probability  of  doubling  its  life.  The  objection  that  the  oak 
will  not  absorb  sufficient  to  do  any  good,  is,  in  the  light  of  experience, 
amistake,  and  is  illogical,  when  the  nature  of  the  process  and  its  effect 
is  understood. 

{{)  Mr.  Chanute  mentions  the   "  constant  testing  of  chemicals,  as 
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to  streiitjfth,  inirity,  etc.,"  io  oouucctiou  with  tlic  requireuioulH  iu  Mr.  Rowe. 
Europeau  practice.  It  is  presumed  that  what  is  meant  is  tests  which 
may  be  performed  on  the  work  during  operation,  where  it  is  not 
always  practicable,  to  call  in  the  aid  of  the  chemist.  It  is  necessary 
that  the  ojjerator  be  able  to  determine  quickly,  a^jproximatoly  at  least, 
the  .strength  of  the  solution,  whether  chloride,  tauuin  or  glue,  without 
the  elaborate  processes  of  the  chemist,  as,  in  the  course  of  the  o])era- 
tions,  these  solutions  are  constantly  varying.  We  have  been  indebted 
to  Mr.  Chanute  in  this  respect,  and  would  be  glad  to  have  him  give,  at 
length,  such  "facts  as  he  has  gathered,  couching  them  in  such  terms  as 
woiald  be  within  the  comprehension  of  any  intelligent  operator.  Such 
information  would  be  valuable  indeed. 

(J)  Mr.  Chanute's  remark  in  relation  to  the  exhaustion  of  the  tim- 
ber supply  introduces  a  theme,  the  importance  of  which,  in  this 
country  especially,  should  be  impressed  at  all  times.  In  the  last  30 
years  we  have  seen  such  destruction  of  our  great  forests  as  seems 
appalling.  With  the  exception  of  a  small  territory  in  northern  Maine, 
some  small  areas  in  the  Soiith  and  the  region  of  the  extreme  North- 
west, the  forests  have  been  invaded  and  the  most  valuable  timbers 
have  been  more  or  less  cut  away.  In  many  cases,  shameful  waste  and 
destructive  fires  aid  in  the  devastation.  The  tie  renewals  amount  to 
nearly  70  000  000  annually,  to-day,  compared  with  4  000  000  required 
in  France,  and  the  ratio  will  increase  as  the  mileage  increases. 
Although  our  forests  seem  boundless,  they  are  not  so,  relatively; 
and,  at  the  i^resent  rate  of  consumption,  the  scarcity  of  cross-ties, 
now  beginning  to  be  felt,  will  soon  be  serious.  A  parallel  to  this  can 
be  cited,  quicker  in  its  consummation,  but  by  no  means  so  far  reaching 
and  disastrous — that  of  the  bison,  thirty  years  ago  teeming  in  mil- 
lions over  the  western  plains,  but  now  hardly  a  representative  remain- 
ing.    This  is  a  lesson  to  ponder. 

Waed  BaxiDwin,  M.  Am.  Soc.  C.  E. — Mr.  Chanute's  exhaustive  Mr.  Baldwin. 
resume  of  the  present  practice  in  Europe  in  the  preservation  of 
wooden  railway  ties  suggests  to  the  speaker  what  is  generally  regarded 
as  the  next  step  in  the  evolution  of  railway  track,  namely,  the  use  of 
metal  ties.  It  is  true,  in  general,  that,  as  the  cost  of  timber  increases, 
it  becomes  more  economical  to  use,  first,  preserved  ties,  and  then, 
metal  ties.  Now,  the  statistics  presented  in  the  pajjer  show  that  in 
Europe  preserved  ties  can  be  procured  at  a  cost  which  w^ould  appar- 
ently make  them  more  economical  than  metal  ties.  It  is  nevertheless 
true  that  metal  ties  are  used  extensively  there.  The  observation  of 
the  speaker,  in  passing  over  many  miles  of  European  roads  laid  with 
metal  ties,  is  that  the  riding  qualities  of  a  track  with  metal  ties  are 
not  sujierior  to  those  of  a  track  wdth  wooden  ties;  and,  therefore,  the 
reason  for  their  use  would  not  appear  to  be  that  they  give  a  smoother 
track.     A  comparison  of  the  practice  in  Europe  in  the  use  of  creosoted 


542  DISCUSSION  ON  PRESERVATION  OF  RAILWAY  TIES. 

Sir. Baldwin,  ties  and  in  the  use  of  metal  ties,  now  that  the  latter  have  been  in 
extensive  and  growing  use  there  for  a  number  of  years,  would  be 
interesting,  and  it  is  hoped  that  Mr.  Chanute  may  add  to  his  paper  a 
discussion  of  this  feature. 
Mr.  Howe.  HoEACE  J.  HowE,  M.  Am.  Soc.  C.  E. — The  author  shows,  among 
other  things,  how  ties  are  seasoned  before  treatment  in  Europe,  and 
emphasizes  the  necessity  for  so  doing  in  any  and  all  of  the  processes 
which  he  mentions. 

Possibly,  seasoning  for  treatment  is  one  thing  and  seasoning  for 
direct  track  use  is  another.  That  is,  the  more  the  wood  is  made  suscep- 
tible to  the  antiseptic,  the  better  are  the  results,  within  certain  limits; 
■while  the  less  alteration  the  surface  undergoes,  in  the  other  case,  the 
better  will  the  tie  stand  the  weather  afterward. 

It  seems  reasonable,  therefore,  to  insist  that  even  more  care  should 
be  taken,  in  the  latter  case,  to  protect  ties  held  over  a  season,  from  one 
cause  or  another,  by  the  railroad  company. 

It  is  not  uncommon  to  see  bricks  roofed  over  after  receijit  from  the 
yard,  and  if  that  is  considered  economy  by  jjrivate  concerns,  why 
should  not  covering  ties  be  economy  for  corporations?  Bulk  for  bulk, 
the  cost  is  about  the  same. 

As  to  the  saving  by  preserving  ties,  it  is  evident  that  everyone 
must  calculate  for  himself.  At  present  prices,  the  wolf  does  not  seem 
to  be  at  the  door. 

Assuming  that  a  raw  tie  will  last  9  years  in  first-class  ballast  (and 
no  railroad  hereabouts  would  consider  seriously  the  treatment  of  ties 
unless  its  ballast  was  approximately  first  class),  and  that  a  treated  tie 
will  last  18  years,  the  following  figures  may  serve  as  a  basis  for  com- 
parison : 

One  raw  tie  in  place,  60  cents  +  20  cents  =       $0.80 
Interest  at  4%,  compounded  annually  for  18 

years 0 .  82 

One  raw  tie  in  place,  60  cents  -(-  20  cents  =        0 .  80 
Interest  for  9  years 0 .  34 

Total  cost  to  maintain  one  raw  tie  for  18  years $2.76 

One  treated  tie  in  place,  60  cents  -f-  50  cents 

—  20  cents  = §1 .  30 

Interest  at  4,%  for  18  years 1 .34 

Total  cost  to  maintain  one  treated  tie  for  18  years 2.64 

Roughly  speaking,  the  costs  are  the  same.  No  allowance  is  made 
for  tie-plates.  The  item  for  treatment  (50  cents)  includes  extra 
freight  on  that  account. 

If  the  foregoing  does  not  focus  with  the  facts,  it  is  hojied  that  the 
author  will  indicate  the  reason. 
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O.  Chanute,  M.  Am.  Soc.  C.  E.  (by  letter).— The  writer  feels  thank-  Mr.Chanute. 
ful  to  the  geutlomou  who  have  discusseil    his  paper  for  l)riuf,'iug  u]) 
xi  uumber  of  poiuts  rej^ardiug  current  European  practice  which  seem  to 
require  further  elucidation. 

President  Croes  is  quite  right  in  saying  that  the  variety  of  notation 
used  in  Table  No.  1  is  puzzling,  but  the  answer  is  that  the  table  was 
compiled  and  quoted  from  the  actual  figures  given  to  Mr.  Herzenstein 
by  the  British  railways,  and  illustrates  in  how  many  diftereut  wavs  it 
is  possible  to  twist  answars  to  one  and  the  same  question.     In  i)oint  of 
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fact,  the  amount  of  creosote  injected  in  Great  Britain  varies  from  20 
lbs.  per  tie  on  the  Great  Northern  Railway,  giving  a  life  of  12  years,  to 
37  lbs.  per  tie  on  the  Tatf  Vale  Eailway,  with  a  reported  life  of  15  years. 
As  all  the  ties  are  treated,  there  are  no  data  to  apportion  the  benefits 
due  to  the  preliminary  seasoning  and  to  the  subsequent  injection  in 
England,  but  the  record  diagram,  Fig.  3,  reproduced  from  the  paper 
of  Mr.  M.  V.  Dufaux,  showing  the  percentage  of  ties  annually  re- 
newed upon  the  Eastern  Railway  of  France,  exhibits  the  fact  that  well- 
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Chanute.  seasoned  but  untreated  wbite  oak  ties  average  some  15  years,  while 
the  same  ties,  wlien  treated,  will  average  about  25  years  in  the  track. 

The  resulting  inference  as  to  the  comparative  insufficiency  of 
seasoning  alone  would  seem  to  be  confirmed  by  the  facts  stated  by 
Mr.  W.  B.  Keed,  that  vulcanized  ties,  8  years  old,  taken  out  of  the 
Metroiaolitan  Street  Railway,  in  New  York  City,  were  not  fit  to  be 
used  again.  Vulcanizing  is  an  excellent  seasoning  jjrocess,  and  the 
cii'cumstance  that  it  has  been  practically  abandoned  for  ties  would 
seem  to  indicate  that  the  seasoning  alone  is  relatively  less  efficient  than 
the  injection  of  chemicals. 

Mr.  G.  W.  Tillson's  allusion  to  the  Boucherie  j^rocess  makes  it 
desirable  to  state  the  main  reason  why  it  was  finally  abandoned  in 
France.  It  was  found  necessary  to  do  the  work  in  the  woods,  a  short 
time  after  the  felling,  and  before  the  bark  was  taken  ofi",  because,  other- 
wise, the  sap  was  found  to  have  solidified  so  much  as  to  make  the  wood 
much  more  refractory,  and  because  there  was  waste  of  the  chemicals 
when  hewn  or  sawed  timber  was  treated.  The  late  Henry  Flad,  M.  Am. 
Soc.  C.  E.,  of  St.  Louis,  also  tested  the  jsrocess,  with  some  improve- 
ments, in  1882,  but  he  too  gave  it  ujd  as  imjiractical. 

Mr.  Mendes  Cohen's  mention  of  the  Burnettiziug  on  the  Lehigh  Coal 
and  Navigation  Company's  road,  while  under  his  charge,  recalls  the 
fact  that  the  writer,  while  on  the  Committee  on  the  Preservation  of 
Timber,  in  1883,  asked  L.  L.  Buck,  M.  Am.  Soc.  C.  E.,  to  examine 
the  ties  remaining  which  had  been  so  treated  in  1867.  They  were 
found  to  have  been  well  preserved,  and  greatly  hardened  by  the  process, 
so  as  to  cut  but  little  under  the  rail. 

The  differences  which  Mr.  Samuel  Whinery  notes  in  the  individual 
lives  of  untreated  ties  of  the  same  species  of  wood,  obtain  with  treated 
ties  in  Europe,  and  also  in  this  country,  but  the  writer  has  confined 
himself  to  the  statement  of  averages.  These  individual  differences  are 
doubtless  "  due  to  a  variation  in  the  quality  of  the  timber."  Those 
ties  which  absorb  the  most  antisei^tics  are  longest  preserved.  This  is 
well  illustrated  by  the  French  beech,  which  is  nearly  all  sap  wood, 
which  readily  takes  60  to  67  lbs.  of  creosote  per  tie,  and  then  lasts  on 
an  average  30  years,  while  it  would  decay  in  4  or  5  years  if  laid  in  the 
track  in  its  natural  state. 

Mr.  S.  M.  Rowe  is,  therefore,  probably  in  error  in  assuming  that 
"the  better  the  timber,  the  better  the  tie  it  will- make,"  if  he  means 
thereby,  as  he  seems  to,  that  it  is  preferable  to  treat  white  oak  rather 
than  the  inferior  woods,  and  that  heart  wood  is  j^referable  to  sap  wood 
for  treatment.  On  the  Eastern  Railway  of  France  the  creosoted  white 
oak  averages  5  years  less  life  than  the  creosoted  beech.  The  fact  seems 
to  be  that  the  woods  which  last  best  untreated  are  close-grained  and 
those  whose  sap  ducts  contains  the  most  tannin,  oil  or  resin,  while  the 
woods  best  fitted  for  treatment  are  rather  coarse-grained  and  their  ducts 
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«outaiu  more  of  the  f«'rnu'utal)le  elt'Uieuts  of  the  .sap.     Those  will  absorb  Mr.  Chanuu?. 
more  of  the  autiseptics  if  seaaoned. 

Mr.  Rowo's  statemeuts  as  to  the  life  of  treated  ties  on  the  Atchison, 
Topeka  and  Sauta  Fe  Railway  are  eontirrned  by  the  report  of  the  Com- 
mittee on  Ties,  read  March  12th,  1901,  in  the  fouveutiou  of  the  Ameri- 
can Railway  Engineering  and  Maintenauce-of-Way  Association,  which 
assigns  to  these  ties  an  average  life  of  lO.l  to  11  years,  in  the  track,  and 
thereby  indicates  comparatively  as  good  economical  results  as  obtained 
Abroad.  If  we  estimate  that  these  mountain  pine  ties,  untreated, 
would  last  4|  to  5  years,  it  is  seen  that  an  additional  life  of  6  years 
is    given    to   them   by   the  treatment,    at  a   cost    of   about    15  cents 

each,  and  the  additional  life  has  therefore  cost  -^  =  2.50  cents  a  year 

o 

per  tie,  or  about  one-half  its  value  to  the  road.  In  France,  on  the 
other  hand,  the  untreated  beech  would  last  about  5  years;  creosoting, 
at  a  cost  of  64.2  cents  each,  increases  their  life  by  25  years,  and  the 

64.2 
cost  is  therefore  -Wp-  =2  57  cents  a  year  per  tie,  leaving  out  allques- 

tions  of  compound  interest,  or  cost  of  replacing  in  the  track.  This 
would  seem  to  confirm  the  opinion  of  the  writer  that  the  cheaper  pro- 
cesses are  best  adapted  to  the  present  conditions  in  the  United  States. 
Mr.  Rowe  is  doubtless  right  in  advocating  a  larger  size  of  tie  for 
the  future.     The  sizes  here  and  abroad  compare  as  follows: 

Ordinary  Standard  tie  in 

United  States 8       ft.  x  6       x    8     ins.  =  2.67  cu.  ft. 

Pennsylvania  Railway  in 

United  States 8.5     "   x  7       x    7       "    =2.89    "     " 

First-class   tie  in  Great 

Britain 8.92  "   x5       x  10       "    =3.11    "    " 

First-class  tie  in  France  8.53  "    x5.1    x  10.2    "    =3.08    "    " 

First-class  tie  in  Ger- 
many   8.85  "   X  6.31x10.25  "    =3.97"    " 

The  "  Baltic  redwood  "  which  is  so  largely  used  abroad,  and  which 
Mr.  Rowe  inquires  about,  the  writer  believes  to  be  a  species  of  pine. 
The  samples  which  he  saw  looked  to  him  very  much  like  the  short- 
leaf  pine  of  the  South,  or  the  Norway  pine  of  the  North. 

The  writer  does  not  believe,  with  Mr.  Rowe,  that  the  washing  out 
of  mineral  salts  will  be  more  rapid  w^hen  the  tie  "  lies  in  the  water  all 
the  time  "  than  when  it  is  alternately  wet  and  dry.  His  experience  is 
that  it  is  the  repeated  soakings  from  rains  which  leach  out  the  salts; 
•each  soaking  taking  up  some  of  the  chloride  of  zinc  and  each  evapo- 
ration dragging  some  of  it  out.  He  has  satisfied  himself  of  this  by 
many  alternate  soakings  and  drying  of  treated  blocks,  and  has  also 
succeeded  in  floating  out  by  that  jarocess  some  of  the  lighter  portions 
of  creosote;  the  latter  is,  however,  much  more  refractory.     Somewhat 
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;hanute.  similar  experiments  have  also  elicited  the  fact  that  zinc  chloride  does 
diffuse  itself  in  timber.  The  analysis  of  a  chip  bored  out  from  the 
very  center  of  a  tie,  immediately  after  treatment,  shows  no  trace  of 
zinc;  after  a  week  a  trace  of  the  salt  is  shown  by  taking  the  adjoining 
chip,  and  a  month  or  two  later  much  more  zinc  is  found  by  further 
boring  in  the  same  hole.  The  salt  has  been  diffused  by  endosmosis; 
and  it  is  found  that  after  exposure  for  some  years  in  the  track  it  has 
been  leached  out  by  exosmosis. 

Mr.  A.  Schneidt,  while  Superintendent  of  the  Imperial  Railways 
in  Alsace-Lorraine,  took  up  some  ties  which  had  been  Burnettized  in 
1893,  with  kuoASTi  quantities  of  zinc  chloride,  and  exposed  in  the  track 
three  years.  He  had  many  chips  bored  from  them,  mixed  and  anal- 
yzed these,  and  concluded  that  from  the  oak  90  to  97°o  ^^^^  leached  out, 
80 to  8-5 "(^  from  the  pine,  and  88"^  from  the  beech.  There  was  yet  per- 
haps enough  of  the  chloride  of  zinc  in  the  pine  and  beech  to  prevent, 
the  development  of  living  organisms,  but  elimination  slowly  pro- 
gressed. Partly  in  consequence  of  this  investigation,  the  German 
specifications  for  injection  have  gradually  been  made  more  rigid. 
That  of  1895  required  that  the  zinc-creosote  solution  should  be  3° 
Beaume  strong,  while  the  1899  specification  requires  it  to  be  3.5° 
Beaume  strong.  The  amount  of  solution  to  be  injected  was  6.2  lbs.  per 
cubic  foot  for  oak  and  18. 7  lbs.  per  cubic  foot  for  pine  and  beech,  while- 
in  1899  the  amount  required  is  6.2  lbs.  per  cubic  foot  (the  same)  for  oak 
and  19.3  to  20.25  lbs.  per  cubic  foot  for  pine  and  beech.  The  amount 
of  seasoning  required  has  also  been  increased.  In  1895  oak  was  not 
to  be  injected  until  it  had  dried  so  as  to  weigh  but  53  lbs.  per  cubic 
foot,  beech  51.4  lbs.  and  pine  39.2  lbs.  per  cubic  foot;  while  in  1899  it 
is  specified  that  it  shall  not  weigh  more  than  49.8  lbs.  jjer  cubic  foot 
for  oak,  4.5.1  lbs.  for  beech  and  39.2  lbs.  per  cubic  foot  for  pine. 

In  answer  to  Mr.  Rowe's  request,  the  writer  herewith  furnishes 
another  a^jpendix  (D)*  containing  the  new  rules  for  testing  chemicals 
and  solutions  adopted  by  the  Imperial  Prussian  Railways.  These- 
are  as  yet  unpublished  in  Germany,  having  been  devised  and  adopted 
in  1899^ 

The  writer  does  not  believe,  with  Mr.  Ward  Baldwin,  that  the  next 
step  in  this  country  will  be  to  resort  to  metal  ties.  Not  only  would  the 
interest  on  their  cost  at  4:%  be  more  than  the  annual  cost  of  the  decay 
of  wooden  ties,  especially  if  treated,  but  the  use  of  metal  ties  is  not 
increasing  abroad.  In  England  they  have  been  laid  experimentally, 
but  not  adopted.  In  France  they  have  been  found  less  economical 
than  wooden  ties,  mainly  in  consequence  of  wear  in  the  fastenings  and 
lack  of  stability  after  tami^ing.  In  Germany  the  writer  gathered 
the  impression  that  they  were  used,   in  great  measure,   for  the  sake 

*  For  convenience,  this  appendix  has  been  added  to  the  original  paper  after 
Appendix  C. 
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of  furnishing  work  to  tlio  steel  mill.s.     The  writer  is  of  the  opinion  Mr.  Chumite. 
that  the  next  step  for  American  railways  will  be  to  resort  to  chem- 
ical preparation  of  wooden  ties,  and  that  this  will  be  done  on  a  large 
scale. 

Mr.  H.  J.  Howe's  estimate  of  the  comparative  economy  of  untreated 
and  treated  ties  is  not  correct.  Granting  his  mode  of  comparison,  he 
has  overestimated  the  probable  copt  of  the  raw  ties  to  be  treated. 
In  sections  where  the  durable  woods,  which  last  9  years,  cost  60 
cents,  the  inferior  woods  suitable  for  injection  will  cost  30  to  35  cents 
per  tie.  The  cost  of  treatment  with  zinc-creosote  will  be  about  25 
cents,  probably  including  extra  freight,  and  when  the  treating  works 
are  at  a  gathering  point,  such  as  New  York  or  Chicago,"  there  will 
be  no  extra  freight.  His  comparison,  therefore,  should  be  amended 
as  follows: 

One  durable  tie  in  place,  60  -f  20  cents $0.80 

Interest  at  4:%  compounded  for  18  years 0.82 

One  renewed  tie  in  place,  60  -f-  20  cents 0.80 

Interest  at  4%  compounded  for  9  years 0.34 

Cost  of  maintaining  one  raw  tie  18  years ^2.76 

One  treated  tie  in  place,  35  +  25  -|-  20  cents $0.80 

Interest  at  4)Y  compounded  for  18  years 0  82 

Cost  of  maintaining  one  treated  tie  18  years. §1 .62 

In  jjoint  of  fact,  the  assumed  average  life  of  9  years  for  durable 
ties  and  of  18  years  for  treated  ties  are  both  probably  overestimates 
for  American  practice. 

Mr.  r.  A.  Kummer,  in  closing  the  discussion  of  his  paper,*  raises 
the  interesting  question  whether  steam  or  compressed  hot  air  is 
most  efficient  in  ^jreparing  wood  to  receive  an  antisejatic.  In  England 
neither  is  used ;  a  vacuum  is  produced  in  the  cylinder  and  the  hot 
creosote  is  then  admitted;  the  ties  being  thoroughly  seasoned,  moist- 
ure from  steaming  would  resist  the  entrance  of  the  oil.  In  France 
the  best  practice  is  to  desiccate  the  ties  w^ith  hot  air  in  drying  ovens, 
and  then  to  run  them  quickly  into  the  treating  cylinder.  In  Germany 
no  prior  steaming  is  used  in  creosoting,  but  this  method  is  used  in  the 
zinc-creosote  process,  as  the  latter  involves  a  watery  solution.  Last 
year  the  German  railway  officials  questioned  whether  such  steaming 
was  beneficial  for  well  air-dried  ties,  and  made  many  experiments. 
These  showed  that  only  2  to  11.6%"  of  the  sap  contained  in  the  sea- 
soned wood  was  extracted  by  the  steaming,  and  there  is  an  inclination 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xliv,  p.  Sil3. 
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,  Chanute.  to  give  it  up.  The  results  might  have  been  quite  different  if  the 
experiments  had  been  made  upon  freshly-cut  or  half-seasoned  ties,  such 
as  are  now  furnished  for  injection  in  the  United  States.  The  writer 
has  made  a  great  many  experiments  with  various  methods  for  increas- 
ing the  receptivity  of  such  fresh  ties,  but  has  not  reached  such  abso- 
lute conclusions  as  to  warrant  publishing  them. 

Mr.  Kummer,  however,  is  mistaken  in  assuming  that  "the  tannin 
treatment,  it  is  claimed,  completely  seals  the  pores  against  the  entrance 
of  moisture  from  the  outside. "  The  claim  really  made  is  that  the 
tannin  treatment  simply  retards  the  entrance  and  the  escape  of  mois- 
ture, so  as  to  retain  the  zinc  chloride  somewhat  longer.  In  point  of 
fact  the  data  presented  at  the  convention  of  the  Main tenance-of -Way 
Association  in  March,  1901,  showed  that  on  the  Southern  Pacific  Rail- 
way the  average  life  of  removed  ties,  which  had  been  treated  by 
chloride  of  zinc  alone,  was  from  6.83  to  9.16  years,  while  on  the  Atchi- 
son, Topeka  and  Santa  Fe  Railway,  which  used  the  zinc-tannin 
process,  the  average  life  was  10^  to  11  years,  and  on  the  Chicago,  Rock 
Island  and  Pacific  Railway,  with  zinc-tannin,  the  average  life  was  10^ 
to  llj  years.  The  chief  objection  which  has  been  made  to  the  zinc- 
tanniu  process  is  that  microscopic  examinations  do  not  show  a  well- 
defined  plug  to  be  formed  by  the  leatheroids.  The  exact  value  of  such 
objection  will  have  to  be  determined  by  actual  experience  on  the  large 
scale. 

It  is  well  established  that  both  Burnettizing  and  the  zinc-tannin 
process  materially  increase  the  spike-holding  power  of  ties  and  retard 
their  cutting  under  the  rail.  No  exact  comjiarison  of  these  results 
can  be  made  with  results  of  the  German  zinc-creosote  process,  because 
the  European  rail  fastenings  are  greatly  superior  to  our  own.  Screws 
are  very  generally  used;  these  hold  the  rail  in  close  contact  to  the  tie 
and  quite  prevent  that  slajiping  up  and  dowTi  of  the  rail  which  causes 
much  of  the  cutting.  As  the  zinc  is  the  hardening  element,  it  is  not 
doubted  that  zinc-creosote  does  materially  harden  the  wood.  The 
further  theory  of  its  action  is  not  merely  as  stated  by  Mr.  H.  Gold- 
mark  in  the  discussion  of  Mr.  Rummer's  pajoer  "that  the  dead  oil  of 
tar  will  prevent  the  zinc  salt,  which  is  soluble  in  water,  from  being 
washed  out. "  That  theory  is  stated  by  Mr.  A.  Schneidt,  in  the  paper 
already  alluded  to,  as  follows : 

"In  the  watery  solution  of  the  chloride  of  zinc,  the  carbolic 
(phenols)  acid  contained  in  the  tar  oil  added,  is  partly  dissolved;  and 
in  this  diluted  form  it  penetrates  the  cellular  tissue  of  the  ligneous 
body  far  more  readily  and  surely  than  the  less  readily  fluid  tar-oil. 

"  The  presence  of  carbolic  acid  also  produces  a  certain  potential 
solubility  in  the  resinous  constituents  of  the  wood,  whereby  the 
chloride  of  zinc  solution  is  better  enabled  to  penetrate  the  fatty  resin- 
ous woody  strata,  and  into  the  heart. 

"In  the  judgment  of  chemists  it  may  also  be  assumed  that  owing 
to  the  greatly  attenuated  degree  of  the  chloride  of  zinc  solution,  and 
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iu  preseuco  of  the  t-arbolic   acid,  a  basic  zinc   '  phcuylate  '  is  formed  Mr.  Chanute. 
from  the  chloride  of  zinc  oxide,  throiij^h  the  agency  of  the  bases  of 
the  salts  which  occur  in  wood  ashes;    and  that  this   '  phenylate '  of 
zinc,  being  insoluble  in  water,  favors  duration  by  opposing  the  leach- 
ing out  of  the  imjjregnated  ties. 

"  The  preservative  action  of  the  dissolved  carbolic  acid  is  decidedly 
more  potent  than  that  of  the  chloride  of  zinc;  and  as  carbolic  acid  is 
also  much  less  soluble  in  water  than  chloride  of  zinc,  the  addition  of 
a  small  quantity  of  tar-oil  containing  carbolic  acid  will  also  arrest  the 
decay  of  the  wood  which  absorbs  it.  The  heavy  oils  of  the  added  tar- 
oil  do  not  as  readily  penetrate  the  wood  as  the  more  fluid  solu- 
tion of  chloride  of  zinc  when  reinforced  with  the  dissolved  carbolic 
acid;  the  former  oils  remain  in  the  oiiter  woody  layers  of  the  tie, 
and  form  a  very  thin  stratum,  more  or  less  obstructive  to  the  entrance 
of  water."' 

During  the  time  intervening  between  the  preparation  of  the 
writer's  pajser,  its  discussion  and  the  writing  of  this  rejoinder,  a 
material  change  has  occurred  in  the  commercial  situation;  tar-oil  has 
gone  down  in  price  in  consequence  of  greater  abundance.  If  this 
condition  continues  there  will  be  an  opjDortunity  to  introduce  the 
zinc-creosote  jjrocess  in  this  country  at  reasonable  cost,  but  there  is 
still  much  difficulty  in  obtaining  the  quality  of  tar-oil  which  the 
Germans  say  is  requisite  for  success  with  that  process.  Mr.  Rutgers 
has  none  to  spare,  and  it  is  not  jiroduced  in  the  United  States.  Per- 
haps by  analysis  of  various  oils  in  the  market  it  will  be  possible  to 
obtain  a  supply. 

We  may  also  hope  to  anticij^ate  the  results  to  be  exjaected  from 
various  processes  of  timber  treatment  with  the  aid  of  the  United 
States  Department  of  Agriciilture.  Professor  Hermann  von  Schrenk, 
special  agent  for  the  Forestry  Bureau,  has  recently  delivered  an  able 
address,  upon  "Factors  which  Cause  the  Decay  of  Wood,"  before  the 
Western  Society  of  Engineers,  and  later,  also  another  address  on 
"Decay  of  Ties  and  Bridge  Timber,"  before  the  Maintenance-of-Way 
Association.  He  is  now  engaged  iu  testing  the  rate  of  decay  of  various 
samples  of  wood  and  the  action  of  various  fungi. 

A  very  interesting  j^aper  on  the  "  Preservation  of  Sleepers  in  Eng- 
land and  Continental  Countries  "  has  also  been  published*  by  Mr. 
P.  H.  Dudley,  who  treats  the  subject  from  a  botanical  point  of  view,  so 
that  we  may  expect  to  have  our  knowledge  increased  upon  the  little- 
understood  rationale  of  wood  decay. 

*  Railroad  Gazette,  March  8th,  1901. 
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WITH  DISCUSSION. 


Althougli  the  scope  and  importance  of  this  paper  are  not  of  a 
nature  requiring  phrases  or  mottoes  to  introduce  it,  the  writer  cannot 
refrain  from  stating  in  a  few  words  the  reasons  actuating  him  in 
writing  it  and  in  constructing  the  accompanying  diagrams  and  tables. 

Even  if  one  knows  by  heart  some  of  the  more  important  formulas 
of  applied  structural  mechanics,  the  following  axiom  will  govern  their 
general  usefulness  : 

"Good  formulas,  however  short,  are  of  almost  no  value  in  hunied 
daily  jiractice,  where  quick  and  accurate  results  are  expected,  unless 
presented  in  the  shape  of  tables." 

These,  again,  are  serviceable  only  when  in  such  profusion,  and  so 
extended  into  final  results,  that,  after  having  been  consulted  once,  no 
further  computations  need  be  performed.  They  must,  also,  meet 
current  demands  regarding  the  information  they  are  exjjected  to 
furnish  for  all  the  ordinary  i^roblems  coming  under  their  headings. 
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The  writer,  auil  uo  tlonbt  mauy  otlu-rs  witli  him,  -vvhen  making 
■structural  comi)utatiou8,  not  haviuji;  at  bis  disi)08al  labor-saving  do- 
vioes,  in  the  shape  of  suitable  diagrams  and  tables,  and  when  not 
"wishing  to  depend  on  results  of  rules  of  thumb,  has  found  the  fore- 
going axiom  to  be  vexatiously  true. 

Ha\dug  had  to  compute  plate  girders  qvtite  frequently,  and  having 
found  the  figuring  of  rivet  spacing,  buckling  values  of  webs,  location 
of  stiflfeners,  etc.,  by  formulas,  a  slow,  time-consuming  operation,  the 
writer  determined  to  make  a  short  cut  for  solving  such  problems,  and 
hopes  that  the  burdens  of  those  who  have  to  compute  plate  girders 
■will  be  lessened  by  the  use  of  the  method  presented  herewith. 

It  is  hoped  that  the  reader  will  not  object  to  being  reminded  of  the 
virtues  possessed  by  the  "method  of  graphical  statics,"  which  excels 
greatly  the  analytic  method  of  solving  problems  in  structural  me- 
chanics. It  furnishes  at  once  not  only  particular,  but  all  possible, 
values  and  conditions  of  forces  and  stresses  acting  upon  structures. 
^Formulas  of  the  analytic  method,  on  the  contrary,  furnish  only  one 
value  at  a  time.  Graphical  statics  reveals  to  the  eye  the  play  of  forces 
and  stresses;  nothing  is  hidden;  it  gives  object  lessons  instead  of 
abstract  demonstrations.  It  possesses,  in  itself,  a  complete  check 
of  its  operations  and  its  results,  or  it  can  be  made  to  do  so  in  an 
easy  manner.  The  analytic  method,  it  is  true,  gives  absolutely 
correct  results,  but  only  in  theory,  and  for  the  assumed  conditions. 
Such  exact  fulfilment  in  assumptions  and  results  cannot  be  realized 
in  any  case,  in  the  working  of  the  forces  in  the  universe  or  in  any 
structure. 

All  who  have  used  both  methods  agree  that  the  graphical  is  shorter, 
more  comprehensive,  and  in  full  accord  with  assumptions  and  prac- 
tical conditions.  The  results  obtained  thereby  are  just  as  accurate 
and  as  true  as  the  assumed  conditions  on  w^hich  the  computation  is 
based. 

Versatility  with  this  method  (acquired  by  constantly  using  it)  is>e- 
-cessary  to  appreciate  fully  its  perfect  qualities  in  solving  the  most 
simple  as  well  as  the  most  intricate  problems,  statical  or  elastic,' of 
applied  mechanics.  It  is  to  be  mentioned,  however,  that  all  graphical 
solutions  start  from  analytic  formulas,  and  can  never  be  applied  to 
advantage  without  first  having  had  a  thorough  training  in  the  analytic 
handling  of  the  problems  of  applied  mechanics.     When  a  problem  has 
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to  be  solved,  both  methods  should  be  used,  each  at  the  proper  time, 
the  analytic  formulas  to  be  consulted  in  advice. 

No  explanation  need  be  given  for  the  manner  in  which  the  shear 
diagram  for  the  vertical  shearing  stress  has  been  made  use  of,  as  will 
be  seen  in  what  follows,  for  determining  the  rivet  spacing  by  means 
of  the  vertical  shear  ordinates,  directly,  although  the  rivets  are  acted 
upon  by  a  horizontal  force.  The  intensity  of  both  these  stresses  is  the 
same  at  any  point  in  the  web,  and  since,  for  the  purpose  mentioned, 
the  magnitude  only  of  the  horizontal  shearing  stress  is  of  importance, 
no  notice  need  be  taken  of  its  real  sense  and  direction.  The  position 
in  which  the  magnitude  of  this  force  is  found  in  the  shear  diagram,  is 
besides  a  very  convenient  one  for  the  solution  of  the  j^roblem. 

The  method  to  be  set  forth  to  determine  the  rivet  pitch  and  also 
that  jjoint  from  which  on,  toward  the  end  of  the  gii'ders,  stiffeners  will 
be  required,  is  graphical,  and  requires  the  jjlotting  of  the  shear  curve 
for  the  particular  loading  of  the  girder,  which  in  any  case  is  a  simple 
performance.  For  convenience  and  clearness  in  carrying  out  opera- 
tions, it  will  be  found  best  to  arrange  the  shear  curve  immediately 
above  or  below  the  girder  to  be  designed.  The  depth  of  the  girder 
may  be  drawn  to  any  reasonable  scale  which  will  allow  accurate  meas- 
urement of  the  rivet  spacing. 

Assuming  the  reader  to  be  familiar  with  the  theory  and  the  design- 
ing of  plate  gii-ders  in  general,  and  that  he  has,  for  a  particular  case, 
decided  uj)on  the  thickness  of  the  web  and  the  size  of  the  rivet;  fur- 
ther, that  he  has  determined  the  rivet  value  by  means  of  a  rivet  table, 
to  be  found  in  any  of  the  mill  handbooks  (see  also  the  diagram  and 
tables  at  the  end  of  this  paper),  we  can  proceed  to  refer  to  the  well- 
known  rivet  formula : 

Let  S  =  shear  at  any  point  Xin  the  length  of  the  girder;     • 

h  =  depth  of  the  girder  between  the  upper  and  lower  pitch 

lines; 
p  =  the  pitch,  or  spacing,  of  the  rivets  to  be  found; 
V  ^  the  rivet  value; 

p  =  — ^ ;  transforming,  we  have  then : 

—  =  — ;  that  is,  the  depth  of  the  girder  is   to  the  rivet  pitchy 
p  V 

as  is  the  total  shear  to  the  rivet  value. 
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Fig.  1. 


Referring  now  to  Fig.  1,  let  ^l  li  =  //  //  be  the  span  of  the  girder,, 
and  ('  D  the  shear  curve,  drawn  in  reference    c      X 
to   the   base   line    E  F.      Set    oti'  vertically 
downward  at  points  A  and  B  the  dej^th  h  of 
the  girder,  as  A)i,  Bli. 

Choose  any  section,  as  X,  and  draw 
vertical  line  c  e  ah.  The  ordinate  c  e  will 
then  represent  the  total  shear  at  X  for  the 
panel  to  the  right  of  e.  From  the  point  e  ■^■ 
in  the  shear  diagram  set  off,  toward  the 
right  hand,  the  rivet  value  ev,'va.  the  scale 
of  shears.  Produce  the  line  c  i:  Through 
the  point  a,  in  the  girder  diagram,  draw  a  parallel  line  intersecting 
h  h  in  p,  then  the  distance  b  p  is  equal  to  the  required  rivet  spacing 
for  the  shear  at  the  point  X.  In  the  similar  triangles  c  e  v  and  a  b  p 
we  have  the  proportion: 

ab  :  pb  :  :  c  e  :  ev, 

h  :  p)  :  :  S  :  v, 

h  _S 

p        v' 

To  express  b  p  in  inches,  measure  the  length  of  the  line  hp  in  the- 
scale  in  which  the  depth  h  of  the  girder  A  B  has  been  set  off. 

We  will  now  proceed  to  find  the  position  of  the  stiffeners,  or  that  point 
s,  from  which  on,  toward  the  abutments,  stiffeners  will  be  required. 

Referring  to  Fig.  2,  we  make  use  C 
of  the  shear  diagram  as  before.  Set 
off  vertically,  in  the  shear  scale,  above  G- 
and  below  the  base  line  E  F,  the 
buckling,  or  total  shear  value  ic  of 
the  web,  whatever  value  the  designer 
has  determined  to  use. 

The  shear  stress  between  the  lines 
EF  and  GH  {in  the  upper  part  of  the 
diagram)  is  taken  care  of  by  the  web. 
The  shear  stress  beyond  the  line  G  H 
will  have  to  be  taken  care  of  by  stiffeners.  Stiffeners  will  be  required 
therefore,  toward  the  ends  beyond  the  point  s,  where  the  line  G  H  inter- 
sects the  shear  curve  C  D.   (See  also  the  lower  half  of  the  shear  diagram. ) 


or, 

and  as  before. 


Fig.  2. 
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From  the  theory  of  the  plate  girder,  it  is  known  that  stiflfeners,  if 
xequired  at  all,  must  be  spaced  at  distances  equal  to  the  depth  of  the 
girder.  It  is  also  known  that  at  any  jDoint  in  the  web,  as  mentioned 
before,  horizontal  and  vertical  shearing  stresses  are  of  the  same 
intensity,  and  that  therefore  the  sjiacing  of  the  rivets  in  the  stiflfeners 
can  be  found  in  the  same  manner  as  for  the  flange  angles;  consider- 
ing, however,  that  only  that  part  of  the  shearing  stress  above  the 
line  (t  H  (in  reference  to  the  base  line  E  F  and  the  upper  part,  Fig. 
2),  and  from  the  point  s  on,  toward  the  abutments,  has  to  be  taken 
care  of  by  the  stiflfeners.  The  same  applies  to  the  lower  half  of  the 
•diagram. 

Proceeding  now  to  space  oflf  from  the  i^oint  s,  distances  d etc., 

■equal  to  the  depth  of  the  girder,  the  ordinate  dg,  above  the  points 
d,  d,  represents  the  surplus  shears  coming  upon  the  respective 
stiflfeners. 

From  the  stiflfener  panel-points  d  set  oflf  again  the  rivet  value  v,  as 
d  V,  produce  the  line  g  v  for  any  of  the  stiflfeners,  and  through  the 
point  b'  in  the  girder  diagram,  corresponding  to  the  particular 
stiflfener,  draw  a  normal  line  to  the  direction  of  the  line  g  v  intersect- 
ing the  stiflfener  line  a  6  in  the  point  p'.  The  point  h'  having  been 
located  at  a  distance  a  b'  equal  to  the  depth  of  the  girder,  from  the 
point  a,  by  means  of  the  45-  line  bb'. 

In  the   similar  triangles   b'ap'  and  g  d  v,  the   same  ratio — p  =  — 

previously  found  for  the  flange  angles,  will  obtain,  as  it  should  from 
the  statements  previously  made. 

The  spacing  of  the  rivets  m  the  stiflfeners,  thus  found,  will  be, 
usually,  greater  than  the  maximum  spacing  permissible  in  rivet 
work,  and  should  be  limited  to  this  accordingly.  The  size  of  the 
stiflfener  sections  may  be  determined  by  treating  them  as  columns 
(with  flat  ends).  Since,  however,  they  are  riveted  at  short  intervals 
along  theii-  length,  they  may  be  comj^uted  for  simple  compression 
in  ordinary  cases,  but  they  should  always  be  ajiplied  in  the  form  of 
a.ngle  irons. 

The  method  shown  for  rivet  spacing  for  particular  panels,  and  for 
particular  shearing  stresses,  can  be  reversed  in  such  a  manner  as  to 
determine  the  length  of  the  panels  in  which  a  certain  assumed  rivet 
spacing,  for  example,  6-in.,  4-in.  or  3-in.,  shall  take  place. 
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Fig.  3. 


lu  the  girder  diagram  ^1  //  li  ft,  Fig.  3,  set  off,  from  the  point  ?i, 

the  desired  rivet  spacing,  as  h  p\  h  //,  //  //' From  these  Hues 

draw  lines  to  the  point  A,  as  a  pole.      Now,  in  the  shear  diagram, 
C  E  F  D,  set  oflf  from  E  the  rivet  value  v,  as  Ev.     Through  the  point 

V  draw  parallel  lines  to  the  lines  A  p^,  A  p*,  A  p", as  v  p\  v  p*, 

V  p^' intersecting  the   end  shear    lines  C  £'and  E  F  in  p^,  p^ . . .. 

«tc.  Through  these  points,  p^  /?*,  p", 
in  the  shear  diagram  draw  parallel  lines 
to  the  base  line  E  F.  From  the  inter- 
section points  of  these  horizontal  lines 
with  the  shear  curve  drop  verticals  to 
the  base  line  E  F.  These  ordinates  will 
divide  the  girder  into  the  desired  panels, 
in  each  of  which  the  respective  assumed 
rivet  spacing  will  obtain  as  in  Fig.  3. 

In  like  manner  (see  Fig.  4)  we  can  find, 
say  for  the  end  of  a  girder,  the  rivet 
value  V  for  a  certain  pitch  by  simply 
setting  oflf  the  pitch  li  p  ^^  say  3  ins.  in 

the  girder  diagram,  and  proceeding  in  the  reverse  order  of  the  opera- 
tions carried  out  in  Fig.  1,  by  drawing  the  line  Ap  and  a  line  C  v 
parallel  to  it  through  the  point  G  intersecting  the  base  line  of  the 
shears  in  v,  then  E  v  is  the  necessary  rivet  value. 
Scaling  this  value  and  inspecting  the  rivet  table, 
the  thickness  of  the  web  and  the  size  of  the  rivet 
can  be  chosen  with  due  regard  to  practical  con- 
siderations. 

The  method  set  forth,  so  far,  gives  all  the  data 
required  for  rivet  spacing  in  ordinary  ijractice  and 
theory. 

In  railroad  work,  the  compiitation  must  include, 
besides  the  horizontal  comi^onent  due  to  the  main 
shear,  the  local  vertical  eflfect  due  to  a  maximum  wheel  load.  This 
wheel  load  is  usually  assumed  to  be  uniformly  distributed  over  one  or 
two  sleeper  spaces  of  2  to  3^  ft. 

As  the  foregoing  forces  act  at  right  angles  to  one  another,  their 
resultant  must  be  fii'st  ascertained  before  the  proper  rivet  spacing  can 
be  determined. 


I  Rivet  value  required 
1  for  given  shear  and 
'  assumed  rivet  spacing 


GIRDER  DIAGRAM 


|^3>t-\ Assumed  spacing 

I  '^ 

Fig.  4. 
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Let      -8'=:  main  shear,  acting  horizontally; 

h  =  depth  of  girder,  in  feet; 

Q  =  maximum  wheel  load,  acting  vertically; 

k  =  the  sleeper  space,  in  feet. 

S 
Then  j-  =  shear  per  lineal  foot,  due  to  the  main  shear, 

^=       "      "        "         "        "         "       local  shear. 

The  resultant  of  these  two  forces,  to  be  taken  up  by  n  rivets  per 
foot,  will  be  : 


=  ^(l)'+(l) 


Expressing  the  sleeper  space  k  in  terms  of  the  depth  of  girder  k^ 

1  h 

by    i^utting    ^•   —  —  h,  or  q  =  —,  the  above  formula  can  be  written 

*"= k 

Further,  let  n  =  number  of  rivets  per  lineal  foot; 
r  =  the  rivet  value; 
p  =  the  rivet  pitch; 

also  7ip  =  1  (ft.),  w  =  —  and  n  =    — ,  and  considering  that  the  condi- 

^      '  n  p 

tion  7i  ?>  =  r  =  —  must  also  be  fulfilled,  we  have 


J-'  +  (^f) 


p  h 

This  formula  is,  as  will  be  found  by  comparison,  identical  with  the 
original  rivet  formula,  presented  at  the  beginning  of  this  paper,  and 
we  will  use  it  again  as  the  basis  in  the  determination  of  the  rivet 
spacing  in  the  present  case  by  evaluating  graphically  the  term  under 
the  root,  which  is  the  aggregate  resultant  of  all  the  shearing  forces 
acting  ujjon  the  n  rivets  at  section  X. 

This  is  readily  done  by  forming  the  "  triangle  of  forces,"  with  the 

components  S  and   Q  -r,  acting  at  right  angles  to  one  another.     The 
hypothenuse  of  this  triangle  will  at  once  represent  the  term 


>+(4) 
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SHEAR  DIAGRAM 


Referring  now  to  Fig.  5  and  set-tiou  A',  let  C  F  represent  tbe  shear 
t'urve  for  the  rolling  load,  G  J)  that  for  the  uniform  load,  both  in  ref- 
erence to  the  line  E  F.  Then  the  ordinate  c  it  will  be  in  magnitude 
equal  to  S,  and  will  form  one  of  the  ( 

sides  of  the  triangle  of  forces  we  desire 
to  construct.     Set  off  in  the  shear  dia- 
gram  horizontally    from   the  point  E 
the  maximum  wheel  load  Q,  as  E  q  (in 
the  scale  of  shears).     Similarly,  set  off 3^ 
in  the  girder  diagram  the  tie,  or  sleeper 
space  k  (in  the  scale   used  for  laying 
off  depth  of  girder),  as  h   K.      Draw  K/k 
the  imaginary  line   K  A  and  parallel 
to  it  another,  q  d,  through  the  point 
q  in  the  shear  diagram,  piercing  the  end  shear  line  in   d;  then  E  d 
is   equal   to   the   magnitude   of    the   local   vertical   shear   component 

Q  -j^,  which  must  be  joined  at  right  angles  to  S. 

In  the  similar  triangles  A  h  7t  and  d  E  q,  we  have — 

hK:Ah::Eq:dE, 


Fig.  5. 


or, 


^„       Eq  X  Ah        ^h 


Now  set  off,  horizontally,  from  point  c  in  the  shear  curve  C  E,  this 
value  E  d,  as  c  d;  draw  the  imaginary  line  u  d  (produced  in  the  dia- 
gram), then  K  fZis  equal  to  the  magnitude  of  the  resultant  refeiTcd  to 
before.  Bring  this  resultant  into  a  vertical  jjosition  with  a  compass, 
Tising  the  point  u  as  a  center  for  describing  the  arc  d  I.  Set  off, 
further,  from  the  point  u,  horizontally,  the  value  of  the  adopted  rivet, 
as  II  V;  draw  the  imaginary  line  VI,  and  parallel  to  it  another,  through 
the  point  a  in  the  girder  diagram,  piercing  the  base  line  of  the  girder 
in  the  point  p;  then  b  p  is  equal  to  the  required  rivet  spacing  at  the 
section  X,  depending  on  the  combined  action  of  the  several  shearing 
stresses  mentioned. 

Pradicnl  Points:  Web  Thickness,  Panel  Lengths,  Etc.— An  stated, 
the  web  thickness  is  usually  proportioned  for  the  greatest  shear  and 
for  buckling.  For  this  case  no  stiffeners  are  required  to  assist  the 
web.     If,  however,  the  web  is  calculated  for  simple  shear  only,  or  for 
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an  intermediate  condition  between  buckling  and  shear,  whicli  is  also 
frequently  done,  then  the  method  just  shown  for  locating  the  stiflfeners 
is  to  be  used. 

The  rivet  value  of  a  rivet  dejDends  on  the  shearing  capacity  of  the 
particular  rivet  and  the  web  thickness  in  which  it  bears,  etc.,  and  the 
lesser  of  the  two  values,  usually  that  for  bearing,  must  be  adopted  ta 
determine  the  pitch.  If  this  pitch  should  be  found  to  be  less  than  the 
minimum  spacing  jiermissible,  a  larger  rivet  or  a  heavier  w'eb  must  be 
resorted  to.  To  obtain,  under  certain  circumstances,  a  sufficient  rivet 
value  as  regards  bearing,  without  changing  either  the  diameter  of  the 
rivet,  which  may  be  a  maximum,  or  the  spacing,  which  may  be  a 
minimum,  already,  a  deeper  web  must  be  selected. 

This  depth  can  be  determined  at  once  by  means  of  the  diagram. 
Fig.  4.  In  the  case  just  stated  the  known  quantities  are:  The  total 
shear,  the  rivet  value,  consequently  the  direction  of  the  line  C  v,  to 
which  draw  a  parallel  line  p  A  through  the  point  i^,  intersecting  the 
abutment  line  of  the  girder  in  the  point  A;  then  A  his  equal  to  the 
depth  of  the  girder  which  is  sought. 

The  minimum  spacings  for  rivets  are:  2^  ins.  for  a  f-in.  rivet,  2|  ins. 
for  a  |-in. ,  and  3  ins.  for  a  1-in.  rivet. 

The  panels  in  which  the  rivet  spacing  changes,  or  should  change, 
are,  in  the  case  of  concentrated  loading,  given  directly.  For  a  uni- 
form load,  or  a  uniform  and  concentrated  loading  combined,  suitable 
panel  lengths  may  be  assumed,  mostly  equal  to  the  depth  of  the 
girder.  The  designer,  with  a  little  practice,  however,  will  be  able  to 
settle  this  jioint  without  difficulty.  The  jjanel  lengths  also  can  be 
determined  in  such  a  manner  as  to  obtain  in  them  certain  rivet  spac- 
ings, as  illustrated  in  Fig.  3. 

Stiffeners  are  always  provided  over  the  supports,  or  where  concen- 
trated loading  occurs,  even  if  the  web  has  been  designed  to  take  the 
greatest  shearing  stresses  for  buckling. 

As  this  shearing  stress  is  greatest  at  the  ends,  it  is  taken  usually 
to  determine  the  web  thickness.  Since,  however,  stiffeners  are  always 
provided  at  the  ends,  the  writer  would  recommend,  for  the  purpose  of 
selecting  a  suitable  web  thickness,  the  use  of  the  shear  which  obtains 
at  a  distance  equal  to  the  depth  of  the  girder  from  the  ends,  or  even  at 
a  still  greater  distance. 

If  the  pitch  for  any  iDanel  i)oint  has  been  determined,  it  is  con- 
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DEPTH  OF 
GIRDER  IN  INCHES 

.PITCH  SCALE 

RIVET 

SPACING 

DIAGRAM 

f^Q"     6'  5'  4 

[•   3'  3"  ] 

•  C 

Rivet  Values  having  been  laid  off  in  four  times  the 
"Scale  of  Total  Shears,''  the  same   ratio  has  been 
observed  in  laying  off  "pitch  scale,"  and  the  scale 
in  which  "depth  of  girders"  has  been  plotted. 

1 

50 

] 

40"/X 

\ 

n 

'i. 

DEPTH 

30" 

\ 

. 

V 

h 

, 

] 

II  >,  __| —  _.  3 3 — _ ._ 

of  li  inch  to  the  foot,  the  pitch  scale  will  be  a  scale 
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RIVET  VALUE  IN   LBS. 

B             5000             10000             15  000  lbs. 

EXAMPLE. 

given: 
Depth  of  Girder       40" 
Web                            9^6 
Rivets                        T^' 
Total  Shear  128000  lbs. 
Bearing  ass'd,  18000^ 

Rivet  Value  8860*as 
per  table. 

Plot  point 
"P"  for  128000*shear 

ordinate  and  8860^ 

rivet  value  abscissa. 
Draw  a  line  from  point 
Pthrough  point"P"of 

girder  base  line  AB. 

prolong,  to  intersect 
with  girderdepth  line 
hJi,  in  point  "p,"  then 

hj)  equals  the   resul- 
ting rivet  spacing  for 

128000"^shear  at  sec- 
tion, and  will  be  found 

to   be   very  near  2H 
By  calculating, the 
pitch  will  be  found  to 
be  equal  to  2.77 
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NOTE:  The  full  line 
JiBLlrs  diagram  pass- 
ing through  polnfB" 
isthe  limit  line  for  , 
6"rivet  spacingfor 
the   depth   of  the 
girder  assumed   in 
example.       If  any 
plotted  point  P  falls 
to  the   right  of  this 
line,  the  pitch  will  ex- 
ceed 6  inches.    For 
agirder  of  constant 
web  section  the  point 
P  will    move   in   a 
vertical  line.      Rivet 
value  being  constant. 
Shear  variable 
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tinued  to  the  next  panel  point  toward  the  center,  for  practical 
reasons.  Theoretically,  and  as  may  be  seen  from  the  shear  diagram 
and  from  the  method  by  which  the  pitch  is  obtained,  the  distance 
from  rivet  to  rivet  changes  gradually,  or  abruptly,  as  does  the 
shearing  stress.  To  realize  such  constantly  varying  spacing  of  rivets 
in  girders  would  be  very  impractical  and  expensive  unless  per- 
formed by  an  automatically  arranged  punching  machine.  In  any 
case,  the  rivets  are  never  spaced  more  than  6  ins.  apart,  and,  in  case 
of  girders  carrying  floors,  the  spacing  is  recommended  not  to  exceed 
4  ins. 

Spacing-panels  for  rivets  should  always  contain  an  even  number 
of  spaces.  The  usual  spacing  for  rivets  should  be  preferably  given 
in  full  inches  or  full  and  half  inches.  Quarter-inch  fractions,  how- 
ever, are  frequently  used. 

The  foregoing  method  of  finding  the  rivet  spacing  in  web  members 
of  plate  girders  has  been  compacted  in  the  diagrams,  Figs.  6  and  7. 
Auxiliary  tables  (Tables  Nos,  1,  2  and  3)  have  been  added  to  give  all 
the  necessary  data  to  design  the  web  plates  of  girders  without  having 
to  inspect  books  or  tables. 

If  the  analytic  method  is  used,  the  diagrams  and  tables  will  be  of 
advantage  in  computing  shear  stresses.  The  necessary  explanations 
of  how  to  use  the  diagrams  are  noted  at  the  proper  places.  An 
example  is  given  for  finding  the  rivet  pitch  for  a  given  total  shear  of 
128  000  lbs.  for  a  |-in.  rivet  in  a  iVin.  web,  and  for  18  000  lbs.  bearing 
per  square  inch  of  rivet  diameter. 

It  may  be  noted  that  the  points  P  (see  lower  jiart  of  rivet  spacing 
diagram),  for  a  particular  girder,  with  constant  web  section,  will  all 
be  located  in  a  vertical  line,  since  the  rivet  value  remains  constant; 
the  shearing  stresses  only  varying  along  the  length  of  the  girder. 
The  shear  diagram,  for  finding  the  shear  per  square  inch  of  web  area 
of  a  given  or  assumed  web,  can  be  used  in  the  reverse  manner,  that  is, 
to  find  the  necessary  total  web  section  for  a  given  or  assumed  unit 
shear  i^er  square  inch  and  a  given  total  shear. 

The  manner  of  doing  this  is  given  indirectly  in  the  explanation  of 
how  to  use  the  shear  diagram.  By  entering  the  table  of  web  areas, 
the  web  thickness  will  be  found  with  due  regard  to  the  assumed 
depth  of  the  girder. 

Allusion  will  have  to  be  made  to  the  term  "depth  of  girder." 
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DIAGRAM  FOR  SHEAR  PER  SQ.  IN.  OF  WEB  AREA 

FOR  TOTAL  SHEARS  UP  TO  200000  LBS.  AND 

TOTAL  WEB  AREAS  OF  45  SQ.INS. 


SCALE  OF  TOTAL  WEB  AREAS  IN   SQ.  INCHES. 
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40  \ 


USE   OF 
SHEAR 
DIAGRAM. 

To  find  unit  shear 
per  sq.  inch  of  web 


section  if  total    shear 
and    web    section    are 


Depth  of/girder   40  ins. 

By  table,  at  top  of  diagram,  the  area 

of  tire  web  equals  22.5  sq.  ins 

Plot  22.5  in  scale  of  areas. 

Ditto  128000*'in  shear  scale. 

'Connect  both  points  and  to 

this  line  draw  a  paralle 

one  through  point  "10' 

in   area   scale,  to   in-     /gi^en.      In  "area  scale"  point 

tersect  shear  scale    /     °^^  ^'^^  °^  ^eb,  and  in  total 

.  I    r.    /    shear    scale,   the    total   shear, 
per  sq.  in.  at  left  /  ,      ,  . 

■  I  1   jr-    J    /  Connect  both    points  with  a     me; 

side,   and   find  /  y  ,      r- 

^    ,  /  then  draw  a  parallel  line  to  the  first 

one  through  point  "10"  of  area  scale, 
to  intersect  with   the   "shear    scale"  per 
square  inch  of  web  section,  at   left  side   of 
total   shear  scale  and    read  off  result.      The 
lines  are  best  drawn  with  a  pair  of  triangles  or 
'with  the  use  of  a  transparent  "parallel  line  diagram" 
ruled  on  tracing  cloth.    The  two  lines  drawn  in  upper 
part  of  diagram   illustrate  the   ejcample  given  above. 
The  resulting  unit  shear  per  sq.  inch   of  web   section 
will  be  5700  lbs.     In  similar  mannerfind  web  area  for 
given  unit  and  given  total  shear,  by   reversing   desig- 
nation  of  the  two  auxiliary  lines  noted   in   diagram 
above 


per  sq. 


Fig. 
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This  term  has  several  distinct  and  different  meanings,  relative  and 
specific,  all  of  which  must  be  fully  understood  and  correctly  api^lied. 
Generally,  and  as  ordinarily  understood,  the  dejDth  of  the  girder  is 
that  fractional  part  of  the  span  which  constitutes  its  height,  in 
common  parlance,  and  in  most  cases  is  settled  upon  first  and  defi- 
nitely after  a  thorough  consideration  of  conditions,  whether  restric- 
tions as  to  depth  and  width  have  to  be  observed,  or  whether  the 
designer  is  at  liberty  to  choose  these,  according  to  his  best  judgment. 
After  the  depth,  etc.,  has  been  assumed  in  this  general  way,  the  other 
sjjecific  dei^ths  to  be  mentioned  are  derived  therefrom  as  the  design 
progresses,  codimencing  with  the  flanges. 

In  ordinary  building  practice,  for  instance,  if  no  restrictions  are 
placed  on  the  depth  of  girders,  it  is  found  (the  result  being  in 
inches)  by  multiplying  the  span  of  the  girder  (expressed  in  feet)  by 
six-tenths,  and  adding  to  the  product  the  constant  amount,  3  ins.  The 
rate  of  depth  of  girder  to  length  of  span  is,  in  this  instance,  one- 
twentieth  plus  the  constant. 

In  heavier  work  the  multijilier  is  eight-tenths,  equal  to  a  one-fif- 
teenth rate.  In  bridge  work  the  j^roportion  of  depth  to  span  is  in- 
creased to  from  one-twelfth  to  one-eighth,  corresponding  to  multipliers 
of  1  and  1.5,  resjiectively. 

Having  explained  the  first  meaning  of  the  term  "  depth  of  girder," 
the  other  meanings  will  now  be  referred  to. 

In  determining  the  rivet  spacing  of  the  rivets  connecting  the  web 
plate  to  the  flange  angles  the  depth  of  the  girder  is  the  vertical  dis- 
tance between  the  horizontal  rivet  lines  located  in  the  vertical  legs  of 
the  top  and  bottom  chord  angles. 

If  the  buckling  value  of  the  web  plate  is  concerned,  the  dejDth  of 
the  girder  is  the  clear  distance  between  the  inner  edges  of  the  vertical 
legs  of  the  same  angles. 

The  fourth  subdivisable  meaning  of  this  term  is  involved  when 
flange  stresses  are  computed.  If  these  are  determined  by  the  ordinary 
ajjproximate  method,  the  depth  of  the  gii-der  is  taken  from  out  to  out 
of  flange  angles,  if  cover  plates  have  to  be  jDrovided  to  make  up  the 
required  flange  area.  If  none  are  needed,  the  depth  is  equal  to  the 
vertical  distance  between  the  centers  of  gravity  of  each  pair  of  upper 
and  lower  flange  angles. 

If  the  exact  method  of  moment  of  resistance,  or,  more  correctly, 
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that  of  the  section  modulus,  is  selected  to  determine  the  cross-section 
of  a  plate  {jjirdcr,  then  we  have  to  introduce  into  the  comi)utation  for 
the  depth  (no  tiauge  plates)  the  distance  "  out  to  out"  of  angles,  as 
before.  With  flange  plates,  take  the  depth  over  all  the  plates;  the 
depth  will  change  w'herever  a  plate  is  dropped  ofl". 

There  exists  a  sixth  condition  regarding  this  term,  frequently  over- 
looked by  younger  designers,  and  of  which  no  mention  is  made  in 
treatises  on  applied  mechanics,  in  that  the  depth  "out  to  out  "of 
flange  angles,  as  a  rule,  is  greater  by  |  in.  than  the  depth  of  the  web 
plate  over  all.  This  allowance  of  J  in.,  at  top  and  bottom,  is  made  to 
avoid  the  projection  of  any  part  of  the  web  beyond  the  flange  angles. 
This  allowance,  therefore,  does  away  with  extra  work,  either  shearing 
the  w^eb  beforehand,  or  chii^ping  it  afterward,  should  the  angles  and 
web  have  been  required  to  be  flush. 

If  universal  mill  plates  are  specified  for  the  web,  some  engineers 
do  not  demand  this  allowance  to  be  made.  Others  insist  on  having  it 
observed  in  every  instance,  as  do  most  all  of  the  mills  in  their  shop 
jDractice.  For  special  purposes,  however,  it  may  be  required  that  the 
web  shall  project  a  certain  amount  beyond  the  backs  of  the  angles; 
this  is  the  exception  to  the  rule. 

Splicing  in  webs  or  angles  in  plate  girders,  in  sizes  ordinarily  called 
for  in  architectural  building  practice,  is  not  necessary,  as  universal 
mill  plates  for  the  web  are  rolled  in  dimensions  from  |  in.  by  70  ft., 
up  to  f  in.  by  65  ft.,  and  angles  on  the  average  run  up  to  a  length  of 
from  60  to  75  ft. 

In  conclusion,  the  attention  of  the  reader  is  directed  to  two  note- 
worthy papers  on  plate  girders.  The  first,  by  J.  C.  Bland,  M.  Am. 
Soc.  C.  E.,  in  the  1887  handbook  of  the  Pottsville  Iron  and  Steel  Com- 
pany. The  second*,  somewhat  more  extended  in  its  scope,  by  Isami 
Hiroi,  C.  E. ,  Professor  of  Civil  Engineering  in  Sapporo  CoUege. 

To  fully  complete  this  paper,  and  illustrate  the  graphical  method 
for  finding  the  rivet  spacing  in  plate  gii-ders,  the  writer  has  chosen  for 
exemplification  the  problem  w-orked  out  by  Mr.  Hiroi,  in  his  booklet, 
and  in  which,  as  regards  the  determination  of  the  rivet  pitch,  he  has 
used  largely  the  analytic  method  of  computation.  In  Fig.  8  will  be 
found  all  the  data  requisite  to  a  full  understanding  of  the  problem 
and  the  steps  to  be  taken  to  solve  it,  and  to  form  an  opinion  as  to  the 
*  Van  Nostrand's  Science  Series,  first  edition,  1888;  second,  1893,  revised. 
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comprehensiveness  and  simiDlicity  of  the  writer's  method.  The  atten- 
tion of  teachers  of  structural  mechanics  is  invited  to  the  manner  in 
•which  the  polygon  of  maximum  shear  for  the  rolling  or  moving  loads, 
has  been  formed,  as  fully  explained  in  the  "  Programme  of  Example  "^ 
accompanying  the  diagram,  for  determining  whether  it  is  not  simpler 
and  more  readily  executed  than  by  the  usual  method.  The  difference 
in  rivet  spacing,  due  to  assuming  one  or  the  other  of  the  meanings  of 
the  term  "  depth  of  girder"  has  also  been  alluded  to.  It  will  be  seen 
thereby  how  easily  the  rivet  spacing  can  be  adjusted  to  conform  to 
any  depth  of  girder  chosen  with  this  method,  if  otherwise  the  condi- 
tions of  the  external  forces  remain  the  same. 

Programme  of  Example.* — Single-track  standard -gauge  deck-girder, 
50-ft.  sjjan  between  centers  of  bed  plates,  divided  into  10  iDanels,  5  ft.. 
each,  for  maximum  stresses  by  bending  and  shears.  Depth  of  girder, 
"  out  to  out  "  of  angles,  4  ft.  6^  ins.  Dejath  assumed  in  computation 
for  stresses,  in  Hiroi's  book*  and  in  this  example,  4  ft.  6  ins.  =  54  ins. 
Dead  load,  490  lbs.  jjer  lineal  foot.  Rolhng  load,  as  per  train  diagram 
at  top  of  Fig.  8.  Maximum  wheel  load,  12  000  lbs.,  and,  for  local 
shear  computation,  assumed  to  be  distributed  over  a  sleeper  space  of 
2  ft.  End  shear  due  to  dead  load,  one-fourth  of  490  x  50  x  2  =  12  300 
lbs.  Web  thickness,  f  in. ;  rivets,  |  in.  diameter.  For  bearing  unit 
of  14  400  lbs.,  in  |-in.  web,  rivet  value  4  700  lbs.;  shear  unit  for  web, 
6  400  lbs.  Flange  angles,  Z\  ins.  x  5  ins.  x  i  in  ;  true  depth  for  rivet 
spacing,  50  ins.  (not  adopted  in  this  examjjle). 

Construct  maximum  main  shear  diagram  (curve)  for  rolling  load, 
E  F  C,  as  noted.  Construct  dead-load  shear  line,  G  D,  va.  reference  to 
E  F.  Construct  local,  vertical,  shear-component,  due  to  maximum 
wheel-load  (see  left  lower  corner  of  girder  diagram).  Construct  total 
maximum  shear  cui've,  ML,  as  jjer  Fig.  5,  up  to  center  of  span.  Con- 
struct girder  diagram,  using  J-in.  scale  for  the  depth.  Produce  the 
flange-rivet  bevel-lines  VI,  V^  l,^,  V,^  4,  etc.,  in  shear  diagram,  for  each 
panel  j^oint,  and  draw  the  rivet-sjiacing  bevel-lines  Ap,  ap^,  etc.,  in 
girder  diagram,  and  find  the  rivet  spacings  h  p,  b^  p^,  etc.  Set  off, 
parallel  to  G  D,  the  web  value  u  v.'  in  shear  diagram,  computed  at 
eight-tenths  of  buckling  value  in  Table  No.  1,  for  a  f  x  47-in.  web  (54 
ins.  —  2  X  3i  ins.)  (see  also  page  63,  Hiroi).     Construct,  as  per  Fig.  2, 

*  See  "Plate-Girder  Construction,"  by  Isami  Hiroi,  C.  E.,  Van  Nostrand's  Science 
Series,  No.  95,  second  edition,  1893,  pages  32,  38,  39,  62,  63,  79,  81,  83,  etc. 
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^>5  Sole  for  Deptli  of  Girder  andUncA  *    12800  lbs. 
S~I»,«h  =  l-r(»l.  Depth  of  Glrdfr  l'0';End  Shear; 


64000  Ihl. 

End  bhcar  due  to  RotliDg  Load. 

Scale  for  Lo&dd.  Shear  and  Line  At},  below, 

)t  Inch  =  10000  Iba. 


KolUng  Load  Une,  >i  =10000  lbs. 
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the  stiffener-rivet  bevel-lines  Vs  I,  Vs„  l,„  etc.,  in  shear  cliagi-am,  and 
produce  the  corresponding  normal  lines  to  these,  in  girder  diagram, 
giving  the  rivet  spacing-points  in  stiflfeners,  as^',  jy'a,  etc.  The  rivet 
values,  mF,  u'V^,  uV^,  u'V^^,  etc.,  having  been  laid  off  at  four  times  the 
actual  rivet  value,  of  4  700  lbs.  (to  obtain  accuracy),  rivet  spacings- 
must  be  measured  in  a  scale  having  a  four  times  larger  denomination 
than  the  scale  in  which  the  dejith  of  the  girder  was  laid  off. 


TABLE  No.  1. — Total  Bucklixg  VAiirES  of  Webs,  w  = 


10  000  d  t 


1  + 


d' 


3  000  r- 


Depth  of  Web 

IN  Inches. 

H  is 

24 

28 

30 

32 

36 

40 

42 

48 

50 

54 

60 

. .  't^n 

25  300 

23  750 

23  100 

22  300 

19  700 

19  200 

18  650 

17  200 

16  500 

15  350 

13  850  lbs. 

^;" 

38  600 

36  500 

36  100 

34  700 

33  100 

31  400 

30  400 

27  800 

27  350 

25  700 

21  300 

52  500 

51  750 

51  500 

50  750 

47  600 

47  000 

45  300 

42  000 

40  750 

39  200 

36  000 

* ,. 

68  250 

68  5(X) 

68  250 

67  5W  66  000 

63  800 

63  400 

58  80(J 

58  000 

53  800 

51  000 

85  500 

85  600 

85  250 

85  m)\   &3  750 

83  200 

K2  800 

77  250 

74  750 

74  750 

70  500 

103  000 

103  800 

106  000 

106  7fX)  107  000 

106  700 

104  500 

102  000 

99  500 

97  000 

92  400 

"  if 

105  500 

124  750 

126  200 

128  5fX)  130  050 

130  000 

129  500 

126  500 

125  500 

121  500 

117  000 

iu. 

136  000 

142  750 

147  000 

149  500  152  750 

154  000 

157  800 

152  000 

151  000 

148  500 

143  500 

TABLE  No.  2. — Totax,  BrcKL,rxG  Values  of  Webs,  w  = 


13  000  d  t 


1  + 


d' 


3  000  t^ 


^i 

Depth  of  Web,  in  Inches. 

.a— 

■a  £ 

24 

28     30 

32 

36 

40 

42 

48    50 

54 

60 

T^^ 

32  800 

30  600 

30  000 

29  000 

25  600 

25  000 

24  300 

22  200  21  500 

20  250 

18  000 

Ihs 

^ 

49  500 

47  500 

47  000 

45  100 

43  100 

40  750 

39  5fK3 

36  200  35  600 

33  500 

27  700 

■h 

68  350 

67  300 

67  000 

06  000 

62  (KXJ 

61  250 

58  SfX) 

54  750  51  300 

51  000 

46  800 

i 

88  750 

89  000 

88  650 

87  900 

85  800 

83  000 

82  500 

76  600  75  500 

70  000 

61  250 

fs 

111  fXK) 

112  250  112  900 

112  000 

111  000 

109  500 

107  500 

102  500  101  200 

97  250 

91  800 

132  (XX) 

135  000  138  000 

138  500 

139  000 

137  5O0 

136  000 

130  250  130  0(X) 

126  000 

120  000 

if 

157  Oro 

162  000  164  700 

167  000 

169  500 

169  OOO 

168  500 

164  500  163  000 

158  500 

152  000 

176  7.50 

186  500  191  000 

194  000 

198  500  200  000 

205  000 

197  500  196  500 

193  000 

186  500 
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TABLE  No.  3. — Shearing  and  Bearing  Values  of  Rivets. 


Rivet 
Values. 

Thickness  of  W 

EB  OR  Plate 

,  IN  Inches. 

and  area 
of  rivet. 

5u 

•sl 

o! 
5   II 

^ 

i 

/« 

h 

1^0 

H 

U 

i 

Rivet  Values  for  Bearing. 

i 
1 

in 
deci- 
mals. 

0.75 

0.875 

1.00 

area 

in 
sq.in. 

0.4418 
0.6013 
0  7850 

3  310 

4  510 

7  500 
and 

3  5204  220 

4  1004  920 

4  920 

5  740 

6  560 

5  900 

5  630    6  330 

6  560 I  7  380 

7  500    8  440 

6  760    7  600 

8200 

9  380 

9  030 

1 

3 

5  890!l5  000 5  62t) 

3  980|  9  000    4  220  5  060 
5  400'  and     4  920  5  900 

10  310 
10  820 

11  250 

I 

6  880   7  880   8  860 

7  880   9  000  10  500 

6  570    7  500    8  440 

7  600    8  750    9  840 

8  750  10  000  11  250 

7  220,  8  250 i  9  280 

8  430    9  630:10  840 

9  810 

11  220 

10840 

12  500 

1 
3 
i 

7  070  18  000   5  610 

4  420  10  coo'  4  690 
6  010   and     5  470 

6  750 

5  630 

6  570 

12  4':^0 
12  300 

13  450 

1 

3 

7  850  20  000 

4  860  11  000    5  160 

7  500 
6  190 

13  750 
13  240 

1 

6  610   and     6  020  7  220 

12  040 

13  750 

1 

8  61022  000 8  250:9  eSOlll  000  12  380 

\          ■            I 

15  130 

16  500 

Note. — Within  the  extent  of  the  table:  Connections  \\'ith  double-shear  rivets  are 
governed  by  the  bearing  values  given  ;  connections  with  single-shear  rivets  are  governed 
by  the  single-shear  values  given. 
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DISCUSSION 


J.  W.  ScHArs,  M.  Am.  Soc.  C.  E.  (by  letter). — The  -m-iter  wishes  to 
call  attention  to  the  author's  method  of  proportioning  the  intermedi- 
ate stiffeners  to  carry  the  shear  on  the  web  of  a  girder.  This  is  the 
usual  method  of  proportioning  for  stifleners,  but  it  can  be  shown  that, 
if,  in  some  way,  the  load  can  be  jDut  into  the  web,  no  stiffeners  what- 
ever will  be  required,  except,  of  course,  the  end  stiffeners.  This  is 
contrary  to  all  accepted  theories  of  web  stresses,  but  a  little  experi- 
ment can  be  made  to  demonstrate  it. 

The  following  experiment  was  made  by  the  writer*  before  the 
Western  Society  of  Engineers,  October  10th,  1900: 

Make  a  plate-girder  model  of  drawing  paper,  about  15  ins.  long  and 
3  ins.  dee^j,  with  two  flange  angles  at  the  top  and  bottom,  and  let  the 
web  of  the  girder  project  below  the  bottom  flange  angles,  so  that  the 
loads  can  be  suspended  by  means  of  hangers  attached  to  the  project- 
ing web.  Now  oupport  the  girder  at  the  ends  and  support  the  top 
flange  against  cripjiling  sideways.  It  will  be  found  that  loads  which 
can  be  suspended  from  the  hangers  with  perfect  safety  cannot  be  placed 
on  toj)  of  the  girder  without  buckling  the  web.  Moreover,  the  web 
will  stiffen  up  at  once,  and  it  will  be  found  that,  although  the  web  is 
already  carrying  the  suspended  loads,  additional  loads  can  now  be 
placed  on  toj^  of  the  girder  and  the  web  will  not  buckle.  It  follows, 
then,  that  after  the  load  is  put  into  the  web,  the  web  is  actually  stiffer 
than  it  was  before;  so  that  stiffeners  need  only  be  j^rovided  to  get  the 
load  into  the  web,  and  not  to  carry  the  maximum  shear  at  any  point. 
Would  it  not  be  more  rational,  then,  to  proportion  the  intermediate 
stiffeners  to  carry  only  the  maximum  concentrated  load  at  any  isoint, 
rather  than  the  maximum  shear? 

With  this  experiment  in  view,  the  writer  has  specified,  in  a  specifi- 
cation just  issued  for  a  western  railroad,  as  follows: 

"  Intermediate  stiffeners  shall  be  provided  for,  as  struts  carrying 
the  maximum  concentrated  load  at  any  point,  including imj^act,  when- 
ever the  clear  width  between  flanges  exceeds  50  times  the  thickness  of 
the  web,  and  they  shall  be  spaced  at  intervals  of  about  the  depth  of 
the  girder.  End  stiffeners  shall  be  i^rov-ided  to  carry  the  maximum 
end  shear,  including  impact." 

This  method  is  certainly  very  simple.  For  through  plate-girders 
provision  need  be  made  for  intermediate  stiffeners  only  to  attach  the 
floor  system  to  the  web,  and  between  the  floor  beams,  or  panel  points, 
no  intermediate  stiffeners  are  required,  no  matter  how  long  the  panels 
are,  or  how  thin  the  web  may  be;  whereas,  by  the  usual  method  of 

*  "ProjHJsed  Specifications  for  Steel  Railroad  Bridges,"  Journal,  Western  Society  of 
Engineers,  October,  1900. 
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proportioning,  intermediate  stifiFeners  are  i^rovided  for  through  Mr.  Schaub. 
l)hxto-girclers,  the  same  as  for  deck  plate-girdors.  This  leads  fie- 
(lueutly  to  some  rnrions  results.  The  writer  has  in  mind  a  speci- 
tii-ation  for  a  prominent  southern  road  which  re([uired  intermediate 
stitteners,  by  a  so-called  stitfener  formula,  to  be  si)aeed  at  2-it.  centers 
near  the  ends,  and  a  number  of  through  plate-girders  were  built 
accordingly,  and  are  probably  still  being  built  according  to  this 
si)eciticatiou. 

Beknt  Bekger,  Assoc.  M.  Am.  Soc.  C.  E. — This  paper  is  a  valuable  Mr.  Berger. 
exposition  of  a  grajjhical  method  of  finding  the  exact  spacing  of  rivets 
in  flanges  of  plate  girders  under  assumed  loads  and  stresses.  It  is  well 
worth  careful  study  as  it  gives  a  clear  insight  into  the  variations  in 
values  and  conditions  of  forces  and  stresses.  The  speaker  has  great 
faith  and  confidence  in  graphic  statics,  and  uses  that  method  quite 
extensively,  but  must  differ  with  the  aiithor  on  the  question  of  the 
applicability  of  the  graphical  method  to  the  ordinary,  every-day  work 
of  designing  plate  girders.  The  graphical  method  can  at  times  be 
used  to  advantage  in  computations  of  railroad  bridges  for  engine 
diagranis;  but,  for  most  of  such  cases,  and  esi^ecially  for  plate  girders, 
the  speaker  has  found,  in  his  o^"n  work,  that  the  analytical  method, 
applied  with  the  aid  of  the  well-known  moment  diagi-ams,  is  much 
shorter  and  easier,  especially  when  a  slide  rule  is  also  used.  For 
plate-girder  bridges,  as  in  the  present  case,  it  is,  of  course,  necessary  to 
find  the  end  shear  in  the  first  place,  and  the  shear  at  a  very  few  inter- 
mediate points  besides.  For  practical  reasons,  the  rivet  spacing  in 
the  flanges  is  constant  for  certain  distances,  and  for  shorter  plate 
girders,  therefore,  all  that  is  needed  is  the  end  shear  and  the  shear  at 
the  quarter  point.  The  6-in.  limit  of  rivet  pitch  will  cover  the  shear 
in  the  middle  half,  especially  when  the  rule  about  closer  pitch  in  the 
flange  which  carries  the  track  is  also  taken  into  account.  For  longer 
girders,  up  to  80  or  100  ft.,  the  shear  should  be  found  at  a  few  more 
points;  but,  with  the  aid  of  a  moment  diagram,  this  is  readily  and 
quickly  done,  more  so,  the  speaker  has  always  found,  than  by  any 
graphical  method. 

The  thickness  of  the  web  is  determined  by  the  required  section  of 
metal  for  shear  and  the  necessary  number  of  rivets.  Shallow  girders 
must  have  a  thicker  web,  deep,  girders  may  have  a  thinner  web.  Each 
end  stifi"ener  must  be  able  to  take  all  the  end  shear^.in  compression, 
but  not  necessarily  as  a  column  of  length  equal  to  the  depth  of  the 
girder,  as  the  web  through  the  rivets  distributes  the  shear  over  the 
end  stiffener  through  its  whole  dej^th.  The  intermediate  stiflTeners 
cannot,  according  to  the  speaker's  views,  act  as  columns  for  the  dis- 
tribution of  the  shear  over  the  web,  as  most  of  that  shear  is  already 
in  the  web;  but  they  can  so  act  under  concentrated  loads,  which  are 
-only  part  of  the  shear,  as  when  engine  loading  for  railroad  bridges  is 
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Mr.  Eerger.  considered.  Thus,  for  girders  wliich  carry  tlie  track  direct  on  one  or 
the  other  of  the  flanges,  the  service  which  such  intermediate  stiffeners 
perform,  consists  then  jjrincipally  in  holding  the  web  in  position — 
l^reventing  it  from  buckling.  But  where,  for  instance,  the  stringers 
of  a  bridge  rest  on  top  of  the  floor  beams,  the  stifl^eners  on  the  floor- 
beam  web  must  of  course  serve  to  distribute  the  concentrated  load 
over  the  web  of  the  floor  beam,  and  must  have  suflScient  area  for 
compression. 

As  to  the  axiom  laid  down  by  the  author  in  the  beginning  of 
the  paper,  the  speaker  begs  to  say  that,  generally  speaking,  he 
thinks  formulas  little  worth  the  effort  of  remembering.  The  thor- 
ough understanding  of  principles  and  methods,  and  their  apjjlica- 
tion,  is  of  far  greater  imi^ortance,  and  to  this  end  the  paper  is  of 
great  help. 
Mr.  Skinner.  F.  W.  Skinnek,  M.  Am.  Soc.  C.  E. — A  particularly  interesting,  and 
perhaps  extreme,  case  of  the  ai^plication  of  the  web  stiffener  system  to- 
a  i^late  girder,  and  one  which  the  sjieaker  believes  is  not  widely 
known,  came  under  his  observation  recently. 

In  Cincinnati,  Ohio,  there  is  a  plate-girder  span  of  213  ft. — the 
longest  of  this  kind  of  which  the  speaker  has  ever  heard.  The  bridge 
is  formed  of  two  main  girders,  each  16  ft.  deep,  which  carry  a  30-ft. 
roadway  and  two  10-ft.  sidewalks.  The  thickness  of  the  web  could 
not  be  ascertained,  but  is  not  more  than  f  in.,  and,  possibly,  is  not 
more  than  ^e  iii-  The  structure  has  been  in  use  more  than  thirty 
years,  and  the  iron  is  badly  corroded.  The  bottom  chord  is  made 
with  two  small  angles  and  several  42-in.  horizontal  flange  plates. 
The  top-chord  is  a  three-web  box  section  42  ins.  wide.  The  web  is 
divided  into  panels  of  about  10  ft.,  and  in  each  panel  there  are  twa 
transverse  stiffener  plates,  each  26  ins.  wide,  and  each  formed  with  a 
flange  angle  all  around. 

Calculations  may  be  possible  as  to  how  much  that  web,  16  ft.  high 
and  -re  in.  thick,  would  have  stood  without  the  stiffeners,  and  also- 
how  much  it  would  stand  with  the  stiffeners. 

One  peculiar  feature  was  the  way  in  which  each  panel  of  the  web- 
was  built  up  of  five  pieces,  8  ft.  high,  butt  jointed,  and  spliced  with 
two  cover  plates. 

Another  i^eculiar  feature  of  the  bridge  was  the  extreme  generosity 
of  the  bearings  on  the  abutments,  each  of  which  consisted  of  two  very- 
thick  cast-iron  plates  about  7  ft.  long;  the  ujjper  one  sliding  betweeix 
longitudinal  flanges  on  the  edges  of  the  lower  plate. 

After  many  years'  service,  two  intermediate  steel  trestle  bents,, 
each  about  50  ft.  from  the  center  of  the  span,  were  put  in  to  reduce- 
the  vibrations. 

The  whole  consti'uction  is  a  curiosity,  if  not  a  monstrosity,  but  is- 
stiD  in  active  service,  and  is  remarkable  for  its  dimensions. 
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Fig.  9. 


H.  A.  La  Chicotte,  M.  Am.  Soc.  C.  E. — The  author  has  suggested  Mr.LaChicotte. 
a  graphical  method  of  spacing  rivets  iu  plate  girders,  which  is  really  a 
graphical  solution  of  a  well-known  formula: 

'''  '         J 

in  which  p  =  the  pitch; 

V  =  the  rivet  vahie; 
Ii  =  the  depth  of  girder 
between  rivet  lines; 
and  s  =  the   shear,   assumed 
as   more   or    less    uniformly    dis- 
tributed over  the  section. 

Fig.  9  will  indicate  clearly  the 
derivation  of  the  formula  by  the 
method  of  moments. 

According  to  the  common  theory  of  the  plate  girder,  the  lines  of 
stress  in  the  web  act  at  an  angle  of  45^  with  the  vertical,  so  that  the 
stress  induced  in  the  flanges  by  the  web  must,  in  a  length  of  flange 
equal  to  the  depth  of  the  girder,  equal  the  shear.  In  other  words, 
there  miist  be  enough  rivets  in  either  flange,  withm  a  length  equal  to 
the  depth  of  the  girder,  to  equal  the  shear. 

If,  in  addition  to  the  horizontal  stress  in  the  flanges,  the  rivets  are 
required  to  transmit  to  the  web  a  local  load,  Q,  more  or  less  distributed 
and  acting  at  right  angles  to  the  flange  stress,  the  rivets  must  be  spaced 
to  resist  the  resultant  of  the  two  stresses. 

If  Q  be  distributed  over  a  distance  k  (less  than  7i),  the  diagonal 
lines  of  stress  distribute  it  over  an  equal  distance  in  the  vertical 
section  of  the  web,  and,  in  order  to  distribute  it  with  equal  intensity 
over  the  whole  section,  Q  must  be  first  divided  by  k  to  find  the  unit 

intensity,  and  then  multiplied  by  h,  or,  ~ ,     The  formula  for  pitch 

now  becomes: 

vh 


k 


If  the  load  Q  be  distributed  over  a  distance  equal  to  h. 


V  h 


P  = 


Vs^  4- 


T  h 


The  application  of  the  formula  p  =  —^   is  very   simple,    after  the 

shear  has  been  computed  at  the  requisite  number  of  points;  and,  know- 
ing the  law  of  change  in  the  shear,  the  desired  results  are  quite  as 
quickly  obtained  by  the  analytical  as  by  the  graphical  method.  For 
any  particular  girder,  s  being  the  only  variable,  the  values  of  j),  for 
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[r.LaCliicotte.  any  number  of  isoints  corresponding  to  known  values  of  s,  may  all  be 
read  from  a  slide  rule  by  a  single  setting. 

If  the  stresses  in  tlie  girders  are  found  graphically,  the  author's 
method  of  spacing  rivets  is  a  valuable  adjunct,  but  if  these  stresses 
are  determined  analytically,  the  time  and  labor  of  constructing  the 
diagrams  for  spacing  the  rivets  graphically  would  be  much  greater 
than  in  the  analytical  solution  of  the  problem. 

If  any  of  the  foregoing  equations  be  transformed  and  solved  for  v, 
the  resulting  value  for  Maximum  s  x  Minimum  p  determines  the 
necessary  thickness  of  web  when  reference  is  made  to  a  table  of  rivet 
values  for  any  particular  size  of  rivet. 

As  to  rivet  spacing  in  stiflfeners,  these  formulas  may  or  may  not 
apply.  If  they  apply,  it  is  necessary  to  assume  that  the  stiffeners  act  as 
columns,  and  this,  at  least,  is  a  moot  question.  To  illustrate,  imagine 
a  number  of  i)lanks  piled  on  edge  one  ujDon  another;  unless  sujjported 
laterally,  they  would  not  stand  alone,  much  less  carry  a  load  imposed 
upon  them;  but,  if  posts  directly  opposite  each  other  be  j)laced  on 
each  side,  in  contact  with  the  planks  but  not  attached  to  them,  a  con- 
siderable load  would  be  sustained  by  the  planks,  although  receiving 
little  assistance  from  the  j^osts.  This  seems  to  show  that  the  office  of 
the  stiflfener  is  not  to  take  stress,  but  to  enable  or  compel  the  web  to  do 
so;  and,  for  that  reason,  only  a  few  rivets  are  needed  in  the  stiflfeneis  to 
properly  hold  them  together.  As  usually  constructed,  there  is  no  doubt 
that  the  stiffeners  act  with  the  web  and  serve  to  disturb  and  compli- 
cate the  theoretical  lines  of  stress,  but  there  is  no  reason  for  assuming 
that  because  they  take  some  stress  they  must  take  all  over  and  above 
the  buckling  value  of  the  web. 

The  foregoing  reasoning  applies  si^ecially  to  intermediate  stiffeners, 
which  do  not  serve  to  convey  any  external  load  to  the  web. 

In  the  case  of  concentrated  loads  brought  to  the  web  from  trans- 
verse floor  beams,  or  more  or  less  distributed  on  either  flange  of 
the  girder,  the  stiffeners  must  be  proportioned  to  convey  these  loads 
to  the  web,  but  in  each  of  these  cases  practical  considerations  of  con- 
struction will  usually  determine  the  size  of  stiffeners. 

At  the  ends  of  the  girder  the  lines  of  stress  being  cut,  the  web  has 
little  buckling  value,  and  the  stiffeners  must  be  proportioned  to  convey 
practically  the  whole  shear  to  the  support.  The  stress  in  the  end 
stiffeners  due  to  shear  varies  practically  from  zero  at  the  toj)  to  about 
the  full  amount  of  the  shear  at  the  bottom,  and  there  must  be  rivets 
enough  to  convey  this  shear  from  the  web  to  the  stiffeners.  A  girder 
properly  stiffened  at  the  ends  and  at  points  of  local  concentrated  loads 
will  usually  need  very  little  intermediate  stiffening. 

The  author  suggests  figuring  stiffeners  as  flat-ended  columns,  and 
the  questions  naturally  arise:  Upon  what  will  these  columns  rest? 
If  on  the  bottom  flange,  how  can  rivets  enough  be  grouped  in  the 
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flange  at  the  base  of  the  stiffeners  to  convey  the  reaction  of  the  colnniu  Mr.LaChicotte. 
from  the  fliiuge  to  the  web  ?     And  why  should  the  shear  follow  the 
roundabout  path  through  stiffeners  and  flanges  ? 

The  author  refers  to  a  well-known  formula  for  finding  the  buck- 
ling values  of  webs,  and  advocates  the  spacing  of  stiff'eners  about  the 
depth  of  the  girder  apart  whenever  the  shear  in  the  web  equals  or 
exceeds  the  value  of  w  in  the  formula 

10  000, 

^  3  000  P 
This  method  of  spacing  stiffeners,  while  quite  common,  is  not  con- 
sistent, for  the  reason  that  this  formula  pretends  to  give  the  buckling 
value  of  the  web,  but  does  not  express  the  relation  of  this  value  to  the 
shear. 

If  the  web  needs  stiff'ening  at  all,  why  not  in  some  proportion  to 
the  shear '?  If  the  foregoing  formula  be  applicable  at  all,  it  should  be 
made  to  express  the  actual  relation  between  load  and  column  length 
by  substitviting  "shear"  for  "  ic,"  and  solving  for  h,  whence  results 
for  the  distance  between  stiffeners  or  flange  angles. 


shear 
When  h  is  more  than  the  dejsth  of  girder,  no  stiffeners  are  required, 
except  for  local  concentrated  loads. 

The  common  practice  of  stiffening  plate  girders  at  distances  aj^art 
of  about  the  depth  of  the  girders,  is  probably  far  on  the  side  of  safety; 
but  it  would,  nevertheless,  be  unwise  to  depart  materially  therefrom, 
until  a  more  rational  method  has  been  devised. 

In  regard  to  determining  the  size  of  stiffeners  necessary  to  jirevent 
the  web  from  buckling,  it  may  be  said  that  no  rational  method  of 
figuring  the  stresses  in  the  webs  of  plate  girders  has  yet  been  devised, 
and  therefore  no  exact  determination  of  the  size  of  stiffeners  is  pos- 
sible. 

It  is  useless  to  say  that  if  the  web  maintained  its  plane  form,  no 
stiffeners  would  be  required;  but  the  webs  are  not  j^erfect  jjlanes, 
having  many  bulges  or  buckles  of  more  or  less  magnitude  as  they 
come  from  the  mills,  and  which  buckles  cannot  always  be  detected 
or  removed  in  the  process  of  manufacture  of  the  girder. 

It  may  safely  be  said  that  stiffening  angles  large  enough  to 
accommodate  the  rivets  and  conform  to  the  usual  shojD  practice  will 
prevent  the  web  from  buckling.  Of  course,  the  end  stiffeners,  as  well 
as  those  at  points  of  local  concentrated  loads,  may  be  larger  than 
elsewhere;  and,  perhaps,  the  most  that  can  be  said  is  that  good  judg- 
ment based  on  present  practice  will  usually  be  a  safe  guide  in  special 
cases. 
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Mr.  Nichols.  O.  F.  NicHOLS,  M.  Am.  Soc.  C.  E. — The  speaker  admits  with  can- 
dor, and  with  pride,  that  so  far  as  he  has  had  anything  to  do  with 
plate  girders,  he  has  followed  the  teachings  and  experience  of  Theo- 
dore Cooper,  M.  Am.  Soc.  C.  E.,  who  taught  that  in  order  to  get  more 
rivets  safely  into  the  flange  angles,  and  to  devolop  fully  the  efficiency 
of  these  angles,  their  dejjth  should  be  increased  so  as  to  carry  at  least 
two  rows  of  rivets  wherever  many  rivets  were  required.  This  has  a 
double  advantage:  The  rivets  need  not  be  spaced  dangerously  near 
together,  and  the  deeper  angles  confine  all  the  elemental  portions  of 
the  web,  so  that,  considering  them  as  columns,  they  are  practically 
fixed  at  the  ends,  and,  consequently,  are  better  able  to  sustain  the  loads 
imposed. 

The  Pennsylvania  iiractice  has  been  very  largely  followed  in  this 
country  and  elsewhere.  A  good  deal  of  the  misunderstanding  about 
stifi'eners  in  plate  girders  is  jjrobably  caused  by  following  the  Pennsyl- 
vania standard  too  closely.  An  interesting  experiment  was  made  by 
one  of  the  Pennsylvania  engineers :  He  constructed  a  model  girder, 
from  paper,  then,  after  cutting  the  web  on  diagonal  lines  at  45°  in 
one  direction  between  the  stifi'eners,  spaced  at  equal  intervals  about 
equal  to  the  depth  of  the  girder,  the  girder  was  put  under  stress.  He 
found  that  the  stifieners  took  the  vertical  load,  and  that  the  elements 
of  the  web  buckled  under  compression  and  remained  straight  under 
tension.  Of  course,  cutting  the  web  in  that  manner  converted  the 
model  girder  into  a  sort  of  Pratt  truss,  and  the  conclusion  drawn, 
that  stiffeners  were  necessary  at  intervals  equal  to  the  depth  of  the 
girder,  was  quite  a  logical  sequence  from  the  premises. 

The  more  rational  method,  and  that  more  closely  followed  in 
recent  times,  is  to  consider  plate  girders  as  acting  very  much  as  lattice 
girders  act.  Take  a  case  in  which  the  girder  web  is  not  stifi"ened; 
then,  if  it  is  regarded  as  a  lattice  girder,  there  is  an  infinite  number 
of  intersections,  and  if  it  be  assumed  that  the  stresses  pass  in  diagonal 
lines  through  the  web,  in  both  directions,  while  the  comj^ression  would 
tend  to  buckle  the  web,  the  tension  along  the  other  hnes  at  right 
angles  would  tend  to  keep  it  straight.  As  a  matter  of  fact,  in  all  tests 
of  plate  girders,  it  is  found  that  there  is  a  remarkable  and  an  unac- 
countable degree  of  stiffness  in  the  unsupported  web. 

Mr.  LaChicotte  is  right  in  stating  that,  if  there  are  rivets  enough 
in  the  stiffeners  to  jorevent  them  from  buckling  out,  it  is  all  that  can 
be  required.  Fitting  them  against  the  fianges  is  not  necessary,  unless, 
as  he  has  said,  the  top  of  the  girder  is  to  sustain  the  load;  in 
which  case,  of  course,  there  must  be  a  close  fit,  at  least  against  the 
toj)  angles. 

There  has  been  a  great  misuse  of  stiffeners.  In  some  elevated  rail- 
road structures,  for  example,  where  the  uniform  loads  are  relatively 
low,  and  where  the  girder  is  often  very  shallow,  a  |-in.  web  is  generally 
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used  with  a  multitmlo  of  stiffeuors.  lu  quite  ordiuary  practice  the  Mr.  Nichols, 
angle  is  used  as  a  Htifieuer,  and  is  often  placed  with  its  back  towai'd 
the  middle  of  the  girder.  At  the  middle  of  the  girder,  either  for  sym- 
metry or  from  a  desire  to  be  strictly  iini)artiiil  botweou  the  two  ends  of 
the  girder,  two  stitfeuers  are  i)laced,  back  to  back,  where  none  is 
needed.  These  structures  have  generally  been  built  by  the  jjouud,  on 
designs  by  the  contractors,  and  in  siich  cases  this  excess  of  stifleners 
has  an  advantage  not  easily  overlooked.  Some  ten  years  ago,  sev- 
eral miles  of  elevated  structure  were  built  in  which,  by  deepening 
the  standard  girder  about  15%  and  omitting  stitieners,  the  average 
strength  was  increased  and  the  weight  diminished  nearly  20  per  cent. 
Of  this  structiire,  a  leading  bridge  expert,  recently  engaged  by  new 
owners  to  report  on  its  strength,  said:  "The  bold  omission  of  these 
(stiflfeners)  has  apparently  worked  all  right  in  practice,  and  secured  a 
substantial  economy  of  metal." 

Of  late  years  there  has  been  a  most  exemplary  attempt  to  avoid 
serious  errors  in  the  use  of  stifleners;  to  rely,  indeed,  almost  entirely 
on  the  web  itself,  unaided  by  stiS'euers;  and  now  it  is  the  exception, 
rather  than  the  rule,  to  find  stiffeners  in  stringers  on  large  bridges, 
although  they  carry  very  heavy  loads  and  are  subject  to  varying 
stresses,  of  impact,  etc.  In  the  Buffalo  Trace  Viaduct,  designed  by 
Edwin  Thacher,  M.  Am.  Soc.  C.  E.,  some  ten  or  twelve  years  ago, 
the  longer  girders  are  about  60  ft.  in  length  and  approximate  5  ft. 
in  depth.  The  viaduct  carries  a  standard-gaiige  railroad,  and  no 
stifi'eners  whatever  are  used,  but  the  webs  of  the  girders  are  |  in. 
thick. 

Engineei's  are  approaching  a  belief  in  simplicity  of  design,  and 
that  the  fewer  the  actual  number  of  members  used,  the  better.  If  the 
metal  in  the  web  can  be  made  to  take  the  stresses  directly,  and  without 
the  aid  of  stifleners,  it  is  a  great  deal  better,  very  largely  because  it 
is  absolutely  impossible  to  determine  with  the  remotest  degree  of 
certainty  how  such  stifl"eners  will  act. 

F.  D.  Rhodes,  Jim.  Am.  Soc.  C.  E. — The  speaker's  experience  in  ivii-.  Rhodes, 
designing  girders  for  biiildings  points  conclusively  to  the  advantage 
of  ixsing  the  graphical  method  for  spacing  rivets  when  the  girders  are 
subject  to  combinations  of  concentrated  and  distributed  loads,  or  any 
kind  of  loading  which  gives  an  unsymmetrical  moment  diagram. 

It  has  been  contended  that  the  author's  method  involves  extra 
labor,  as  it  necessitates  the  plotting  of  a  shear  diagram;  but  in  cases 
of  the  kind  just  mentioned  it  is  the  speaker's  belief  that  graphic 
statics  will  most  quickly  and  accurately  determine  the  length  and  posi- 
tion of  the  cover-plates,  and  that  it  requires  but  very  little  extra  labor 
to  plot  the  shear  diagram  directly  off  the  load  line  of  the  foi'ce 
polygon. 

Girders  in  buildings  often  carry  walls  or  floor  arches  which  are 
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5Ir.  Rhodes,  supported  directly  by  the  flanges,  for  -wliicli  eases  the  speaker's 
practice,  in  determining  the  shear  values  for  the  various  pitches,  differs 
from  the  author's,  as  is  shown  in  Fig.  10,and  the  accompanying  table. 
The  example  is  taken  from  the  design  of  a  36-in.  girder,  web  y^  in. 
thick,  rivets  I  in.,  with  the  toi?  flange  carrying  a  load  of  9  tons  per 
lineal  foot. 

RIVET    DIAGRAM. 

^6,  Tons 'Double  shear,  y^Tivet.  or  bearin?-j^  wet..> 

TABLE. 


Pitch 

Horizontal 
Component 

Shear 

Calculation 

IK" 

5.90  Tons 

111   Tons 

5.90  X  29 
1.5 

2  " 

5.81    " 

81.2     " 

5.81  x29 
2 

2y,- 

5.70    " 

60.1    " 

5.70  X  29 
2.5 

3  • 

5.56     " 

53.7     " 

5.56  X  29 
3 

iV,- 

4.  CO     " 

32.0    " 

4,90  X  29 
4.5 

A  =30-7=29' 

Scale  of  Forces,  in  Tons 


Scale  of  Pitcli,  in  Inches 


The  horizontal  components  are  scaled  directly  off  the  rivet  diagram, 
the  calculations  are  made  with  a  slide  rule,  and  the  shears  are  then 
plotted  on  the  shear  diagram. 
]ilr.  Jonson.  Eknst  F.  Jonson,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— The 
author's  method  of  spacing  rivets  in  plate  girders  is  undoubtedly  the 
most  convenient  one  yet  proposed.  There  are,  however,  some  ijoints 
in  the  paper  which  require  further  consideration.  In  order  that  the 
problem  of  the  plate  girder  may  be  better  understood,  it  is  necessary 
to  find  the  actual  stresses  in  the  web. 

These  stresses  may  be  found  by  the  following   graiihical  method: 
Let  s  =  total  vertical  shear; 

m  =  unit  shear  at  neutral  axis; 
t  =  increase   of   extreme   fiber   stress   jser  unite   of   length   of 

girder; 
a  =  area  of  girder  section; 
w  =  thickness  of  web; 
r  =  radius  of  gyration  of  girder  section; 
d  =  distance  from  neutral  axis  to  extreme  fiber; 
b  =  distance   from   neutral   axis  to  center  of  gravity  of  half 
girder  section. 


•  DISCUSSION   ON   RIVET   SPACING.  577 

„,    ,  .,     ,  a  I""  t  .        s  (I  Mr.  Jonson. 

u  0  know  that  s  =  — -— ,  or  t  =  — r. 


We  also  kuow  that 


a  r 
a  t  b 


Hence,  m  =  ^ — 7, — / 

2  r-  w 

2  m  r^  w 

and  •  s  = J // 

o 

Draw  a  sectional  view  of  the  girder,  Fig.  11,  and  construct  a  Mobr 
diagram  of  the  square  of  the  radius  of  gvration.  This  is  done  in  the 
following  way:  Divide  the  cross-section  of  the  girder  into  a  number 
of  parts  (twelve  in  the  figure).  Take  half  the  cross-section  area  as 
jjole  distance  CD.  Lay  ofi"  the  jsarts  of  one-half  of  the  cross-section 
area  on  the  line  C  E.  Draw  the  moment  diagram  B  C  G  as  if  the 
parts  of  the  cross-section  area  were  forces  acting  in  the  center  of 
gravity  of  each  part.  The  horizontal  ordinales  of  the  curve  C  G 
multiplied  by  the  pole  distance  C  1)  give  then  the  moment  of  the  part 
of  the  cross-section  area  outside  the  point  in  which  the  ordinate  is 
taken.  Hence,  B  G  is  the  distance  from  the  neutral  axis  to  the  center 
of  gravity  of  the  half  cross-section;  B  G  ^  b. 

Since  the  horizontal  bases  of  the  triangles  of  which  the  area  B  C  G 
is  comi^osed  represent  the  moments  of  the  various  elements  of  the 
cross-section  divided  by  half  that  area,  the  triangles  themselves  must 
represent  half  the  moment  of  inertia  of  these  elements  divided  by  half 
the  cross-section  area.     Hence,  the  area  B  C  G  is  equal  to  half  the 

square  of  the  radius  of  gyration  of  the  cross-section  area  with  refer- 

9 

ence  to  the  neutral  axis;  B  C  G  =  —. 

Since  the  shear  at  any  point  in  the  web  is  proportional  to  the 
cross-section  area  outside  of  that  point  multiplied  by  the  average 
bending  stress  acting  in  that  area,  /.  e. ,  proportional  to  the  moment 
of  the  area  with  reference  to  the  neutral  axis,  the  horizontal  ordinates 
of  the  curve  A  G  are  proportional  to  the  shear. 

The  area  A  B  G  is  twice  as  large  as  the  area  B  C  G,  because  the 
trapezoids  of  which  it  is  made  up  are  twice  as  large  as  the  corresijond- 
ing  triangles  of  which  the  area  B  C  G  is  composed;  A  B  G  ^^  r'^. 

If  we  now  take  the  pole  distance,  A  F  =b,  and  draw  the  moment 

diagram  A^  Cj  C,  with  reference  to  C,  we  get  (7^  C,  X  ^  -F  =  2  X  A  B  G, 

2  r ' 
or  Cj  C,  =  -7— •      We  also  get  the  curve  A^  C.,,  the  ordinates  of  which 

toward  the  axis  J,  ^2  ^^^  proportional  to  the  part  of  the  double 
area  A  B  G  which  lies  below  the  point  in  which  the  ordinate  is  taken. 
Hence  these  ordinates  are  proportional  to  the  compression  produced 
by  a  load  on  top  of  the  girder.  If  we  then  lay  ofi  the  load  per  unit  of 
length  divided  by  the  web  thickness  A.,  JS^,  and  draw,  by  means  of 


578  DISCUSSION   ON   RIVET   SPACING. 

Mr.  Jonson.  parallel  lines,  the  curve  JV  (X,  "with  ordinates  proportional  to  those  of 
Ai  €-2,  Ao  N"  €.2  is  the  diagram  of  the  perpendicular  compressive  unit 
stress  due  to  the  load. 

Now,  lay  off  Cj  iT  =  10,  Cj  K^  =  10,  and  C^  L  =  IOm),  and  draw  the 

parallel  lines  K^  L  and  K  L^,  thus  making  Cj  L^  =  — .     Lay  off  C■^  M 

=  s,  and  draw  the  parallel  lines  C2  L^  and  M  M^,  making  C^  M^  = 
10  7n.  For  C,  M  and  C,  it/,,  a  smaller  scale  must  be  used.  Lay  off 
B  G^=^  m,  and  draw,  by  means  of  ijarallel  lines,  the  curve  A  G^  with 
ordinates  proportional  to  those  of  curve  A  G.  These  ordinates  then 
represent  the  unit  shear  at  the  various  points  of  the  web. 

Multiply  Ci  C2  with  —  and  lay  off  the  result  A^H  =  ar-.    Also,  lay 

off  the  bending  moment  A^  T,  both  to  a  smaller  scale  than  that  of  the 
rest  of  the  diagram.  Draw  the  parallel  lines  H  T  and  ^3  C3.  The 
triangles  A,  A-^  B.,  and  5.,  G,  C^  are  then  the  diagrams  of  the  unit  stresses 
due  to  bending;  the  ordinates  of  ^3  i?2  representing  the  compression 
and  those  of  B.^  C,  the  tension,  for  the  unit  stress  is  to  the  distance 
from  the  neutral  axis  as  the  bending  moment  is  to  a  ir. 

In  order  to  find  the  resulting  principal  stresses*  lay  off  the  unit 
shearing  stress  on  a  vertical  line  from  TJ  to  i?.  Take  the  point  §, 
dividing  the  distance  0  U'wl  two  equal  parts,  as  a  center,  and  draw  the 
circle  Pi  R  Po  through  i?.  The  two  principal  stresses  are  then  the 
tension  P  P^  acting  in  the  direction  P.,  R,  or  P  S,  and  the  compression 
P  P.y  acting  in  the  direction  Pj  R,  or  P  S^.  Hence,  the  ordinates  of 
the  curve  /j  Jj  represent  the  tensile  stresses,  and  those  of  the  curve 
I2  J-i  the  compression  stresses. 

From  the  diagram  it  will  be  seen  that  unless  the  unit  shear  is  very 
small  (in  the  present  case  less  than  one-third  of  the  extreme  fiber 
stress)  the  maximum  stress  is  not  at  the  extreme  fiber,  as  generally 
supposed,  but  in  the  web  at  the  upper  and  lower  pitch  lines. 

The  shear  diagram  further  shows  that  the  li,  in  the  rivet  formula 
quoted  by  the  author,  should  be  taken  as  the  distance  between  jjitch 
lines  only  when  the  formula  is  used  for  rivets  in  stiffeners  supporting 
concentrated  loads  or  reactions.  When  used  for  rivets  in  flange  angles 
it  is  quite  on  the  safe  side  to  make  h  equal  to  the  distance  from  back 
to  back  of  angles.  In  the  present  case  it  is  even  greater  than  the  total 
height  of  the  girder. 

The  author  holds  (page  553)  that  when  stiffeners  are  used,  the  web 
takes  only  a  part  of  the  shear,  leaving  the  remainder  to  the  stiffeners. 
This  is  clearly  imjDOssible,  unless  the  stiffeners  are  arranged  so  as  to 
form  a  complete  lattice  system.  If,  in  the  present  case,  a  stiffener 
were  inserted  along  the  line  A  C'A  would  greatly  reduce  the  vertical 
compressive  stresses  A2  Co  N,  but  would  not  in  any  way  affect  the 
shearing  stresses.     It  would,  however,  increase  the  resistance  of  the 

*Rankine,  "Applied  Mechanics,"  Ch.  V.,  Sec.  3. 
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Mr.  Jonson.  central  part  of  the  web  by  preventing  buckling  or  wrinkling.  Unfor- 
tunately the  theory  of  wrinkling  has  not  yet  been  developed,  so  that 
the  dimensions  and  spacing  of  stiflfeners  and  their  rivets  cannot  be 
calculated.  The  writer  refers  to  stiflfeners  proper.  Uprights,  inserted 
to  transmit  a  concentrated  load  or  reaction  to  the  web,  should  be^ 
regarded  as  columns  loaded  along  their  whole  length  and,  therefore, 
subject  to  a  stress  proportional  to  the  horizontal  ordinates  of  the 
curve  Ay  G.^.  Such  uprights  may,  therefore,  as  the  author  says,  be 
calculated  for  the  allowed  unit  stress.  The  length,  however,  should 
not  be  more  than  120  times  the  radius  of  gyration  perpendicular  to 
the  web,  or  the  length  beyond  which  a  column  is  good  for  less  than 
one-half  of  the  allowable  unit  stress  of  the  material,  because,  in  such 
uprights,  the  load  at  the  center  is  one-half  of  the  load  at  the  end. 

If  the  load  were  api^lied  at  the  bottom  instead  of  at  the  top  the 
present  diagram  would  have  to  be  turned  upside  down.  The  curve 
/i  ./j  would  then  represent  the  compressive  stress,  and  the  curve  I^  Ji 
the  tensile  stress. 
Mr.  Wing.  c.  B.  WesG,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— Methods  of 
reducing  the  labor  of  computations,  in  designing  bridge  and  other  struct- 
ures, are  usually  of  most  value  to  the  person  evolving  the  method. 
Therefore,  it  is  with  hesitation  that  the  writer  presents  other  methods  for 
solving  the  i^roblems,  solutions  of  which  have  been  j^resented  so  clearly 
in  Mr.  Schmitt's  paper. 

In  the  following  grajDhical  diagrams  use  is  made  of  the  principle  that 
any  equation  involving  three  variable  quantities  may  be  readily  solved 
for  a  large  range  of  values  of  the  variables  by  the  use  of  co-ordinate 
l^aper  with  two  sets  of  diagonal  lines  constructed  to  coiTespond  to 
assumed  values  of  two  of  the  variables. 

Thus,  the  diagram,  I  late  XI,  Fig.  1,  is  used  to  solve  the  equation 

v  =  tdG 

in  which  d,  t,  and  C  are  variables,  v  is  the  bearing  strength  of  a  rivet, 
of  diameter  d,  beaiing  on  a  plate,  of  thickness  t,  and  capable  of  resisting 
safely  a  bearing  stress  of  C  per  unit  of  area.*  The  equation  may  be 
thrown  into  the  form 

Cd=^j^X. 

The  co-ordinate  jjaper  is  now  used  to  find  the  product  Cd=  X,  and 
then  from  this  iJroduct,  the  value  of  v  is  found  for  the  given  value  of  t. 
Thus,  on  the  left  of  the  diagram,  values  of  C  from  9  000  to  26  000  lbs. 
per  square  inch,  covering  the  range  of  ordinary  practice,  are  laid  off  to 
scale  as  ordinates.     Similarly,  at  the  bottom  of  the  diagram,  values  of 


*vis  the  quantity  termed  "rivet  value"  on  page  552.     In  what  follows,  the  writer 
has  adhered  to  the  notation  of  the  paper  as  closely  as  possible. 
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^,  coveriug  the  raugo  of  values  of  the  product  C  d,  are  laid  oti"  as  abscissas  Mr.  Wiug 
to  some  suitable  scale.*     Then  diagonal  lines  are  drawn  corresijouding 
to  vahies  of  d  ranging  from  \  in.  to  lA  ins.     With  Cand  Xas  co-ordi- 
nates, the  e(iuatiou  of  any  such  diagonal,  for  a  given  value  of  d,  is 

Cd=X. 
As  the  quantities  in  this  equation  are  all  of  the  first  power,  these 
diagonals  are  straight  lines  radiating  from  the  intersection  of  the  vertical 
and  horizontal  through  the  zero  values  of  ^  and  C,  resiiectively ;  for, 
"when  C=0,  X=0  for  all  values  of  (/.  Therefore,  one  other  i)oint  on 
each  diagonal  is  all  that  is  required  to  determine  its  position  on  the  dia- 
gram. To  locate  such  points  assume  C=  24  OJO.  The  following  values 
of  X  result  for  the  given  values  of  d  : 

d  X 

i   12  000 

I   15  000 

f   18  000 

t   21000 

1     24  000 

1|   27  000 

On  the  horizontal  through  C  =  24  000  plot  the  foregoing  values  of  X, 
and  from  these  j)oints  draw  straight  lines  to  the  point  of  intersection  of 
a  vertical  through  the  zero  of  the  scale  of  X  with  a  horizontal  through 
the  zero  of  the  scale  of  C.  Points  where  these  diagonal  lines  intersect 
horizontals  through  the  scales  of  C  will  be  vertically  above  the  value 
X==  C  d  on  the  scale  of  X.  Thus,  to  find  the  i^roduct  C  d  for  any  values 
of  C  and  d  within  the  range  of  the  scales,  follow  the  horizontal  line 
through  C  to  the  right  until  it  intersects  the  diagonal  line  corresijonding 
to  the  value  of  d.  The  required  product  Cd  =  X will  be  found  on  the 
tottom  scale  vertically  beneath  this  point. 

In  a  similar  manner,  laying  off  on  the  right  side  of  the  diagram 
values  of  r,  diagonal  lines  corresi^onding  to  values  of  t  are  drawn  radiat- 
ing from  the  intersection  of  a  vertical  and  horizontal  through  the  zero 
points  of  the  scales  of  X  and  v,  respectively.     As  before,  one  other  point 

V 

on  each  diagonal  line  is  found  from  the  equations  of  such  lines,  X=  — , 

by  assuming  X=  21  000  and  plotting  values  of  v  corresponding  to 
assumed  values  of  t.  Thus,  to  find  the  value  of  v  corresponding  to 
values  of  Xand  t,  follow  the  vertical  through  the  value  of  X  until  it 
intersects  the  diagonal  coiTesponding  to  the  value  of  t;  the  required  value 
of  V  will  be  found  on  the  scale  of  values  of  r  horizontally  to  the  right  of 
this  point. 

Finally,  with  the  diagram  as  constructed,  to  find  the  value  of  v  corre- 
sponding to  any  values  of  t,  d  and  C,  within  the  limits  of  the  scales, 
proceed  as  follows :  Enter  the  diagram  at  the  point  on  the  scale  at  the  left, 

*  The  numerical  values  of  Xare  not  shown  on  the  diagram,  as  they  are  not  of  prac- 
tical value.    The  scale  ranges  from  4  000  on  the  left  to  28  000  on  the  right. 
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Mr.  Wing,  corresponding  to  the  value  of  C,  move  horizontally  to  the  right  to  the 
point  of  intersection  with  the  diagonal  corresponding  to  the  value  of 
d*  from  this  point  move  vertically  to  the  point  of  intersection  -ndth 
the  diagonal  coiTesponding  to  the  value  of  i;  the  required  value  of  v 
will  be  found  on  the  scale  of  values  of  v  horizontally  to  the  right  of  this 
point. 

Example. —  (7  =  18  000  lbs.  per  square  inch,  c/  =  |-  in.,  <  =  -,-%  in. 
Kequired,  the  value  of  v.  The  diagi-am,  Fig.  1,  Plate  XI,  is  entered  at 
A,  and,  foUo-wing  the  dotted  lines  through  B  and  G,  the  value  ??  =  8  860 
lbs.  is  found  at  D  on  the  right-hand  scale  of  values  of  v ;  or  with  C  = 
15  000  lbs.  joer  square  inch,  rf  =  f  in.  and^  =  J  in.,  entering  the  diagram 
at  J.',  and  following  through  B'  and  C  to  D',  the  value  v  —  2  800  lbs. 
is  found. 

The  diagrams.  Figs.  2  and  3,  Plate  XI,  for  the  solution  of  the  equa- 
tions p  ^=  —^  and  S'  ^^  y  8^  -\-  w-  h^  have  been  constructed  in  a  similar 

manner.! 

To  facilitate  this  method  of  determining  the  spacing  of  rivets  in 
gii-ders,  the  equation  given  by  the  author  on  page  556,  for  the  case  in 
which  the  load  carried  by  the  girder  is  distributed  uniformly  to  the 
flange  angles,  has  been  changed  to  the  form 

V  k 

^^  VS^  +  w^  h"" 

Q 
by  the  substitution  oi  ip  =  —~ ,  in  which  tc  is  the  load  on  the  flange  per 

unit  of  length.  I 

The  diagram.  Fig.  3,  Plate  XI,  gives  a  solution  of  the  quantity  S  = 

V'S'^  +rf^  7i^.     With  this  value,  the  value  of  j)  can  be  determined  by 
Fig.  2,  Plate  XI. 

The  three  diagi-ams  on  Plate  XI,  arranged  in  the  order  shown,  give  a  ready 
means  of  solving  graphically  the  problems  ordinarily  arising  in  practice 
concerning  the  pitch  of  rivets  in  girders.  Thus,  to  determine  the  jDitch 
of  rivets  in  the  flanges  of  a  girder,  at  a  point  where  the  shear  S  ^=  128  000 
lbs.,  with  h  =  4:0  ins.,  fZ  ^  f  in.,  ^  =  -j^  in.,  and  (7  ^  18  000  lbs.  per^ 
square  inch,  Fig.  1,  Plate  XI,  is  entered  at  A  on  the  left,  as  before,  and 
the  dotted  lines  followed  to  E,  Fig.  2,  which  is  the  point  of  intersection  of 
the  horizontal  through  the  rivet  value  v,  with  the  diagonal  corresponding 

*  Note  that  the  vertical  through  this  point  gives  the  value  of  Cd  =  X,  and  that  this- 
value  of  Xis  to  be  used  in  finding  the  value  of  i'  =:  Xt. 

tNote  that  in  Fig.  3,  Plate  XI,  the  variable  quantities  in  the  expression  \/S2  -\-wihz 
are  of  the  second  power:  therefore  the  diagonal  lines  of  the  diagram  are  curves  instead  of 
straight  lines,  and  several  points  on  each  curve  must  be  plotted  in  order  to  construct  it 
on  the  diagram.  Except  for  this  additional  labor,  the  method  of  constructing  the 
diagram  is  the  same  as  for  Fig.  1,  Plate  XI. 

tif  the  inch  and  pound  are  used  as  units,  ?«  must  be  expressed  in  pounds  per  lineal 
inch. 
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to  a  value  of  //  =  40  ins.  If  the  loatl  carried  by  the  giixler  is  not  clistril)uted  Mr.  Wing. 

to  the  tlaoge  angles,  the  required  \ntcb.  of  rivets,  p,  is  found  by  followng 

the  vertical  through  E  down  to  the  jjoint  G  horizontally  to  the  left  of 

the  point  F,  which  point  corresiJonds  to  a  value  oi  S  =^  128  000  on  the 

scale  on  the  right  of  Fig.  2,  Plate  XI.    This  point  G  is  found  to  lie  very 

near  the  diagonal  line  for  values  oi  j)  ^=  2i  ins. ;  therefore,  2]  ins.  is  the 

pitch  requii'cd. 

If  the  load  carried  by  the  girder  is  distributed  to  the  flanges,  -vs-ith 
ir  =  500  lbs.  per  lineal  inch.  Fig.  3,  Plate  XI,  is  entered  at  H,  the  point 
of  intersection  of  the  diagonal  corresponding  to  ic  =  500,  and  the  hori- 
zontal through  h  =  40  on  the  scale  on  the  right  of  the  diagram;  the 
vertical  through  this  point  is  followed  to  /,  a  point  corresponding  to 
S=  128  000,  as  shown  by  the  transverse  diagonals.  .S''  =  129  500  is 
found  horizontally  to  the  left  of  this  point  at  K.  The  required  pitch, 
2>,  is  determined  by  the  location  of  the  point  L,  and  is  found  to  be  2.7 
ins.  Practically,  spacings  varying  by  less  than  J-in.  are  seldom  used; 
therefore,  j)  =  21  ins.  is  the  required  spacing  of  the  rivets  in  the  flanges 
of  a  girder  under  these  conditions. 

Similarly,  for  C  =  15  000,  rf  =  f ,  /  =  i,  h=  60,  S  =  50  000,  and 
w  =  100,  the  required  pitch  is  found  to  be  3^  ins. ,  by  entering  the  dia- 
gram at  A',  and  following  the  dotted  lines  through  B',  C,  D',  E',  to 
(?'.  Referring  to  Fig.  3.  Plate  XI,  at  the  point  of  intersection  of  the 
horizontal  through  h  =  60  and  the  diagonal  w  =^  100,  it  is  seen  at  once 
that  the  fact  that  the  load  is  uniformly  distributed  to  the  flange  angles 
will  not  appreciably  change  the  spacing  of  the  rivets. 

Fig.  3,  Plate  XI,  shows  clearly  that,  in  many  of  the  cases  arising 
in  practice,  neglecting  to  consider  the  distributed  load  "would  cause 
but  a  slight  error.     It  may  be  well  to  note,  in  this  connection,  that 


the  formula 


P  = 


h 


-/    ^2   _^  ^2   /j2 


is  only  approximately  correct.  Thus,  con" 
sidering  a  section  of  a  girder  between  two 
rivets  as  a  free  body  in  space  in  equilibrium 
under  the  forces  acting  upon  it:  On  the 
assumption  that  the  moment  is  carried  by 
the  flanges  at  the  line  of  the  pitch  of  rivets, 
the  reactions  of  the  portions  of  the  girder 
removed  will  be  as  shown  by  the  arrows 
in  Fig.  12.  The  body  being  in  equilibrium, 
the  sum  of  the  moments  about  any  point, 
as  the  lower  right-hand  rivet,  must  equal 
zero,  i.  e., 

A 

2 


p' 


ri 


4— ii— 

Fig.  12. 


\P<  —  P]  k+  wp  X  ^  —  Sp  =  0 


(1) 
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Mr.  Wing.        Next,  considering  the  forces  acting  on  one  of  the  top 
rivets,  Fig.  13,  the  folloTving  results: 


I.P-P) 

O 


or  \P' —  P\  ^VV —  w- p'-  I  ^^ 

^  ik.' 

Substituting  this  value  in  Equation  (1),  the  value  oi'^^''  ^'P 

the  required  pitch  of  rivets  is  found  to  be  ^^^-  ^^■ 

h  V 

^'  ~  V  [S—^wpY'  +  w.^  h^ 
instead  of  p=.;^;^^=^== (2) 

The  approximate  value  given  bv  Equation  (2)  is  on  the  side  of  safety, 
and  i^ractically  is  sufficiently  exact.  In  fact,  as  before  stated,  the  error 
T\"ill  be  slight,  in  most  cases,  if  the  distributed  load  is  entirely  neglected. 

Figs.  14,  15  and  16  have  been  constructed  by  the  same  methods  used 
in  constructing  Plate  XI.  Fig.  14  replaces  the  author's  Tables  Nos.  1 
and  2  and  gives  a  solution  of  the  equation 

Cht 


P  = 


1+        ''^ 


3  000  t- 

in  which  (7  has  values  varying  from  10  000  to  18  000; 
h  =  depth  of  girder; 
t  =  thickness  of  web  plate; 
P  =  safe  shearing  load  for  a  web  plate  without  stiflfeners.* 

Nine  tables  similar  to  Tables  Nos.  1  and  2  would  be  required  to  cover 
the  range  of  values  of  C  given  in  Fig.  14.  Besults  can  easily  be  read  to 
the  nearest  500  lbs.,  which  ijractically  is  as  close  as  required.  Thus,  if 
h  =  40,  t  =  -^,  and  (7  ^  10  000,  the  diagram  is  entered  on  the  left  at  A, 
with  the  value  ^  =  40  as  an  ordinate,  the  horizontal  line  through  this 
point  is  followed  to  the  right  until  it  intersects  the  diagonal  line  corre- 
sponding to  a  value  of  ^  =^  -nf,  at  B;  from  this  jDoint  the  vertical  line  is 
followed  to  its  intersection  at  C  \nih.  the  diagonal  corresponding  to  a 
value  of  C  =  10  000.  The  value  of  the  safe  total  shear,  84  000  lbs.,  is 
found  horizontally  to  the  right  of  this  point  at  I)  on  the  scale  of  values 
of  P.  Similarly,  for  h  =  60,  /  =  |,  and  C  =  10  000,  the  value  of 
P  =  24  000  lbs.  is  found. 

If  the  total  shear  on  the  girder  is  greater  than  the  safe  total  shear 
given  above,  stiflfeners  will  have  to  be  used,  and  the  safe  total  shear,  or 
the  required  thickness  of  web  plate,  determined  by  Fig.  15. 

The  method  of  deriving  the  formula  solved  by  Fig.  14,  will  be  found 
in  Church's  "  Mechanics  of  Materials, "  page  383.  In  spite  of  testimony 
against  the  necessity  of  using  stiffeners,  the  writer  still  believes  that 
the  best  results  will  be  obtained  by  their  use  when  required  by  the 

*  The  author's  notation  has  been  changed  in  this  instance,  in  order  that  it  may  more 
closely  correspond  to  the  notation  used  in  the  preceding  discussion. 
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Mr.  Wing. 


SAFE  TOTAL  SHEAR  FOR  WEB  PLATES  WITHOUT  STIFFENERS. 


P= 
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SAFE  TOTAL  SHEAR  FOR  WEB  PLATES  WITH  STIFFENERS. 
P=Sht 
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SAFE  LOADS  FOR  RIVETS,  IN  SHEAR,  r=Il!:s 


Mr.  Wing. 
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I  000  8  000  9  000  10  000  11000 

Unit  Shearing  Stress,  in  pounds  per  square  inch. 
Fio.  16. 


2  000 


3  000 


4000 


oOOOr 


6  000  tT 


000  32 


;ooo 


9000 


11000 
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Hr.  Wing,  foregoing  formula.  When  so  used,  they  should  be  spaced  at  distances 
apai-t  equal  to  the  depth  of  the  girder,  and  riveted  securely  to  the  web 
plate.  The  size  of  stififeners  and  the  number  of  rivets  used  in  fastening 
tbem  to  the  web  plate  should  dejiend  uj^on  the  judgment  of  the 
designer,  and  not  upon  calculation.  If  calculation  is  resorted  to,  it 
would  be  on  the  side  of  safety  to  design  the  two  stift'eners  with  a  reason- 
able amount  of  web  plate  as  carrying  the  same  stress  as  the  post  of  a 
Pratt  trass,  similarly  placed;  that  is,  the  total  shear  at  that  section 
should  be  carried  by  the  stififeners  and  a  jjortion  of  the  web  jilate  acting 
as  a  column. 

Fig.  1.5,  giving  safe  shearing  loads  for  web  plates  with  stiffeners,  and 
Fig.  16,  giving  the  shearing  values  of  rivets,  have  been  constructed  in  a 
similar  manner  to  the  diagrams  already  described. 

The  foregoing  methods  for  the  graphical  solution  of  equations  are 
of  wide  aj)plication,  and,  in  practice,  are  of  great  value  as  labor-saving 
devices.  In  general,  a  single  grajihical  diagram  will  give  a  gi-eater  range 
of  values  than  several  pages  of  tables.  The  results,  however,  with 
ordinary  scales,  are  only  approximately  coiTect  to  three  places.  The 
required  accuracy  of  results,  therefore,  will  usually  determine  whether 
the  more  convenient  graphical  diagram  can  be  used  as  a  substitute  for 
a  set  of  tables. 

On  page  562  the  author  gives  an  emjiirical  rule  for  determining 
the  depth  of  girders.  If,  as  the  author  assumes,  no  restrictions  are 
placed  on  the  dej^th  of  a  girder  for  a  given  purpose,  it  is  desirable  to 
use  a  depth  which  will  carry  the  given  load  with  a  minimum  weight  of 
material  in  the  girder.  This  ' '  economic  depth  "  is  very  closely  given 
by  the  rule  that  the  area  of  the  flanges  equals  the  area  of  the  web 
plates,  or 

~         Tt 
in  which  Ji  =  depth  of  girder; 

3/=  maximum  moment  earned  by  the  flanges; 
T  —  safe  unit  stress  for  flanges; 
^  =  thickness  of  web  plates. 
This  formula,  while  theoretically  correct  in  form,  is  based  on  the 
assumption  that  there  is  no  variation  in  the  cross-section  of  the  gu'der, 
and  does  not  make  allowance  for  the  weight  of  details  which  do  not 
change  with  the  depth  of  girder. 

In  practice,  a  depth  about  1Q%  less  than  that  given  by  the  formula 
will  be  found  to  give  the  least  weight  for  a  girder  capable  of  carrying  a 
given  load. 

It  seems  to  the  writer  that  the  rule  given  by  the  author  must  result 
in  girders  which  are  uneconomical  and  which  have  excessive  deflections. 

*  See  Johnson  and  Turneaure"s  '•  Modem  Framed  Structures,"  and  an  article  by 
Henry  Szlapka  in  The  Engineering  Record,  March  27th,  1897,  for  more  elaborate  discus- 
sions of  this  formvda. 
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E.  ScHMiTT,  Assoc.  M.  Am.  Soc.  C.  E.   (by  letter).— Mr.   Schauh's  Mr. Scfaaitt. 
stiitemeut,  ileduceJ  from  experiment,  conceruing  the  erratic  beliavior 
of  the  webs  iu  through  aud  deck-plate  girders  is  of  much  interest. 

In  what  follows,  the  writer  endeavors  to  approach  the  propositions 
(at  least  one  of  them)  numerically.  An  example,  arbitrarily  chosen, 
will  serve  for  the  investigation,  in  which  the  following  assumjitions 
have  been  made: 

1.  The  sum  of  the  web  stresses  in  a  i)anel  acts  along  the  center 
lines  of  imaginary  web  members  of  a  square-paneled  truss,  with  single 
diagonals  in  the  panels,  the  length  of  each  panel  being  equal  to  the 
depth  of  the  truss.  * 

2.  The  loads  (shear  stresses)  transmit  themselves  by  the  shortest 
route  from  the  center  of  the  sjjan  to  the  abutments. 

3.  The  same  factor  of  safety  is  to  be  maintained  at  all  ijoints  in  the 
web.  Web  members  under  compressive  shear  are  to  be  safe  against 
buckling.  Compressive  and  tensile  shears  are  to  be  considered  as 
compression  and  tension  stresses. 

4.  The  web  is  to  have  the  same  thickness  in  the  two  cases. 
Beginning  with  the  ease  of  the  deck  bridge,  the  imaginary  truss  will 

take  the  form  rejjresented  in  Fig.  17;  the  position  of  the  diagonals 


P,=         -A  VW 

D,  =  -U-q)\/2 
D^=-{A-2q)V2' 


V,=A-q 

V^=A-2iq=a 


A=2iq 


Fig.  17. 

enabling  the  loads  to  be  transmitted  "by  the  shortest  route."  The 
stresses  obtaining  iu  the  web  members  are  noted  at  the  right  of  the 
diagram. 

The  diagonals,  only,  being  in  comiaression,  the  w^eb  will  have  to  be 
l^roportioned  for  the  stress  obtaining  in  them. 

In  the  case  of  the  through  bridge   (or,   perhaps,  better  expressed 
"trough  bridge"),  the  imaginary  truss  will  be  rei^resented  by  Fig.  18, 
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d,=  +  {A-q)  VW 
d3=t(--l- 23)^2" 


V,  =  -{A-q\ 

'V2--{A-2q} 

V3=-{A-2iqi 


Fig.  18. 


*  With  the  principal  stresses  acting  at  45°,  according  to  the  theory  of  the  plate  girder, 
and  with  the  loads  concentrated  at  panel  lengths,  as  assumed,  aud  the  further  assumj)- 
tion  that  compressive  web  stresses  will  follow  the  line  of  least  resistance,  the  arrange- 
ment of  the  direction  of  the  forces,  as  shown  in  Fig.  17,  suggests  itself  first.  Fig.  18 
follows  by  reversing  Fig.  17. 
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3lr.  Schmitt.  penoitting,  in  a  similar  manner  to  that  in  the  first  case,  the  loads  to 
travel  by  the  most  direct  route  from  the  center  of  the  span  toward  the 
abutments.  The  stresses  obtaining  in  the  web  members  are  noted  at 
the  right  of  the  diagram.  They  are  of  the  same  magnitude  as  in  the 
corresponding  members  of  the  first  case,  but  ojijoosite  in  character. 
The  diagonals  being  in  tension  and  the  verticals  in  compression,  the 
stresses  obtaining  in  the  latter  will,  therefore,  govern  the  dimension- 
ing of  the  web  for  buckling. 

Before  comparing  the  compressive  stresses  per  unit  of  length  along 
the  respective  web  members  of  the  two  classes  of  girders,  first  deter- 
mine the  ratio  of  the  permissible  buckling  stress  in  the  diagonals  (in 
compression),  of  the  deck  bridge,  with  the  one  taking  place  in  the 
verticals  (also  in  compression),  of  the  through  bridge.  For  this  pur- 
pose select  the  empirical  formula  given  by  Eankine. 

Calling  the  reduced  stress  for  buckling, 
for  the  diagonals  of  the  deck    bridge,  P^ . .  (length  of  diagonals  =  h'\/2) 

"      verticals     "     through        "    ,p,..{     "        "  verticals   =  7^), 

k                                            k 
we  have,         P  = — -^^—   and  p  = ZT^^' 

i  +  .(;i^)  i  +  o(A) 

in  which,  k  =  simple  compression  unit; 

h  =  depth  of  girder; 
w  =  thickness  of  web; 

_      1 
^   ~  5000' 
According  to  the  sjDecification,  cited  by  Mr.  Schaub,  to  avoid  the 
use  of  intermediate  stiffeners,  assume  the  web  to  have  a  thickness  of 

tc  =  — -  of  the  dei^th  of  the  gu'der. 
oO 

Introducing  the  given  quantities  in  the  equations  for  P  and/),  we 
obtain,  by  extending  and  simplifying,  the  denominators  only  of  the 
two  fractions, 

P  _  2  500  k  w-        _  5  OOP  k  w^ 

^  -        2^1^       '    ^  ~        3  h-^       ' 

and  dividing  the  two  values,  the  ratio  is  found  to  be: 

P  _  2  500  X  3  h-  __  ^ 

7"  ~  5  000  X  2  A2  "  4 

or,  the  permissible  compressive  unit  web  stress  in  the  deck  bridge 

should  be  but  three-fourths  of  the  stress  in  the  through  bridge,  due 

to  the  difference  in  length  of  the  members. 

Since  the  web  is  of  the  same  thickness  in  the  two  girders,  the  fore- 
going statement  would  mean  that  the  web  in  the  deck  bridge  is 
stressed  four-thirds  as  much  as  the  web  of  the  through  bridge,  for 
the  same  load,  and  only  as  far  as  buckling  is  concerned. 
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Comparing  now  the  ratio  of  the  actual  stresses,  per  unit  of  length,  Mr.  Schmitt. 
in  the  respective    rejireseutative  web    members  of   the  two  bridges, 
we  will  tirst  ascertain,  which  diagonal    (stress)    of   the   deck   bridge 
should  be  compared  with  the  corresponding  vertical   (stress)  in  the 
through  bridge  for  any  of  the  panels. 

Referring  to  Fig.  17,  it  is  evident  that  for  the  panel  at  the  center 
the  compressive  stress  7),  will  be  the  governing  one,  for  the  whole 
panel;  its  intiuence  will  extend  from  the  center  of  the  span  to  the 
vei'tical  V.^. 

In  the  case  of  the  through  bridge,  Fig.  18,  however,  the  computa- 
tion of  the  web  for  buckling  will  begin  at  the  vertical  tJj;  V2  being  in 
compression.  Reasoning  similarly  as  regards  the  operation  of  stresses 
in  the  other,  related,  panels,  we  can  say: 

TABLE  No.  4. 


In  the  deck  bridge,  in 1st 2d. 

compute  web  for  comp.  stress D1...D0. 


..3d  panel. 
D, 


( length  of  members,  h  \/    ) 


In  the  through  bridge,  at  vertical 
compute  web  for  comp.  stress. . . 


12  3 

Vi t'2 t'3,^0  (length  of  members, /i.) 

(or  dj,  tension) 


The  sphere  of  action  of  the  vertical,  compressive  stresses  in  the 
through  bridge  is  represented  in  Fig.  19.     Any  ordinate  in  any  of  the 

triangles  represents  the  columnar 
lengths  of  the  web,  subject,  in 
turn,  to  the  stresses  x^,  v^,  Vo. 

It  will  be  seen  that  at  v^,  v-^ 
and  r,,,  the  critical  jjoints  exist  for 
web  computation,  and  that  it  is 
permissible  to  compare  the  panel 
stresses,  as  given  in  Table  No.  4. 

Commencing  with  the  stresses 
of  the  second  panels  of  Table  No. 


r3=o 


A='i\q 


Fig.  19. 


4,  the  magnitudes  of  which  are  noted  in  Figs.  17  and  18,  vfe  have, 


Simple  comp.  stress,  per  unit  of 
length,  along  web,  or  diagonal  D., 

Simple  comp.  stress,  jDcr  unit  of  ( 
length  along  web,  or  vertical  r-.,  ( 

A,  2    _      ^-  g 


D,r2  =  - 


h  'v/2~ 


and 


22' 


A  =  'llq, 


we  find, 


D.. 


=  3. 


Previously,  it  was  found  that,  for  equal  thickness  of  the  webs  in 
the  two  bridges,  the  stress  in  the  web  of  the  deck  bridge  was  four- 
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Mr.  Schmitt.  thirds  as  much  as  in  the  web  of  the  through  bridge,  and  that,  there- 
fore, the  actual  ratio  of  the  stresses  per  unit  of  length  of  D.  and  v.^ 
will  be 

Similarly,  it  is  found,  in  the  first  panel,  at  the  abutment, 

A  ^2 


B. 


^'„l  = 


[A-q) 


u  I 


h 


D  A  5 

and  the  simple  stress  ratio  — '—=^  — =  ---  , 

and  the  actual  stress  ratio  — '—  =  -^r  X  -77-  =  2  -7—  . 
^u\  3  3  9 

In  the  third  panel,  or  that  at  the  center,  compare!)^  (compression), 
with  (/,,  (tension).  Both  stresses  are  of  the  same  intensity,  and  both 
members  are  of  the  same  length. 

Referring  to   the   formula   for   permissible    unit   stresses   in   the 

diagonals,  we  will  have  for  Z>.,  introducing  for  w,  -— r-  h, 

2  500  k  ?/•- 
2  1^-       • 

2 

Assuming  the  permissible  unit  stress  for  tension,  also,  as  k  (no  reduc- 
tion being  necessary  to  be  made  for  this  kind  of  stress),  it  is  evident 
that,  for  equal  thickness  of  web,  in  the  two  girders  (loads  being  the 
same),  the  web  in  the  panel  at  the  center  of  the  deck  bridge  will  be 
stressed  twice  as  much  as  the  web  at  the  end  of  the  same  panel  of  the 
through  bridge. 

Mr.  Schaub's  deductions  from  his  experiments,  concerning  the  con- 
trary behavior  of  the  webs  in  the  two  classes  of  i^late-girder  bridges, 
seem,  therefore,  to  be  verified  in  a  measure,  and  it  could  not,  per- 
haps, be  otherwise.  It  occurs  to  the  writer,  however,  that  what  Mr. 
Schaub  desires  to  prove  by  experiment  can  be  explained  by  saying 
that,  until  now,  the  ' '  theory  of  bridges  "  has  failed  to  recognize  the 
two  classes  of  bridges  (deck  and  through)  in  plate  girders,  although 
having  distinguished  these  in  trusses  long  ago. 

The  exceptions,  made  by  the  several  discussors,  i^iincipally  those 
regarding  the  j^roblem  of  the  stifFeners,  were,  to  a  degree,  anticipated. 

The  (theoretical)  solution  of  this  jjroblem,  it  seems,  could  be  effected 
in  two  ways:  One  would  be,  to  figure  the  web  for  shear,  then  space  the 
stiffeners  according  to  the  formula  presented  by  Mr.  La  Chicotte,*  to 

*  This  formula  is  not  new;  see  notes  by  Professor  Swain  (Mass.  Inst,  of  Tech- 
nologyj,  which  the  writer  had  opportunity  to  inspect,  before  writing  the  paper. 


DISCUSSION   ON    RIVET  SPACING.  593 

prevout  the  bm-klinf:C  of  the  web.  The  other  method  would  l»e,  to  do  Mr.  Schmitt 
away  witli  iuterniediate  stift'euers  aud  to  tij^ure  the  web  for  buckling. 
The  writer,  however,  will  rejieat,  with  Mr.  La  Ohicotte,  that,  perhaps, 
the  most  that  can  be  said  about  this  matter,  is  that  good  judgment, 
based  on  present  practice,  will  usiially  be  a  safe  guide  in  special  cases. 
Enough  has  been  said  regarding  "  present  practice  "  in  the  discussion;  a. 
rejietition  seems  superfluous. 

Mr.  Nichols'  remai-k,  that  it  would  be  better  to  use  flange  angles  so 
as  to  carry  two  rows  of  rivets,  instead  of  one  row,  in  which  ease  the 
depths  of  the  girder  would  have  to  be  increased  (under  certain  pre- 
A-ioiisly  mentioned  circumstances),  is  to  be  noted  by  designers  as 
another  serviceable  constructive  exjiedient,  of  advantage  in  more  than 
one  direction,  and  the  writer  has  made  use  of  it. 

It  conflicts,  however,  with  the  desirable  proposition  to  obtain  a 
maximum  section  modulus  with  the  least  amount  of  material.  The 
material  composing  the  flange  area  should  be  placed  as  far  fi-om  the 
neutral  axis  as  practical  considerations  will  allow. 

Ml'.  Jonson's  demonstration  of  the  internal  stresses  is  very  interest- 
ing and  instructive.  The  opinion,  however,  that  stiffeners  should  be 
arranged  so  as  to  form  a  complete  lattice  system,  difi"ers  from  that 
of  the  writer,  who  has  always  held  that  stifl:eners  need  be  used  in  a 
vertical  j)osition  only,  but,  if  required,  shoitld  be  spaced  uniformly  • 
along  the  web.  This  arrangement  converts  the  plate  girder  into  a 
truss,  the  web  performing  the  duty  of  the  diagonals,  subject  to  either 
compressive  or  tensile  shear,  as  the  case  may  be. 

The  wTiter's  object  was,  not  to  j^resent  a  complete  or  a  new  theory 
of  the  plate  girder,  but  to  exhibit  a  comprehensive,  uniform  and 
practical  method  of  spacing  the  rivets,  aud  of  determining  the  point, 
from  which  on,  toward  the  abutments,  stiffeners  are  needed;  including 
the  reciprocal  operations  connected  with  the  problem. 

The  method  shown  seems  to  him  to  be  simjily  a  direct  projierty  of 
the  shear  curve,  in  a  developed  form,  and  should  find  a  good  appli- 
cation in  the  presentation  of  the  theory  of  the  plate  girder  in  connection 
with  its  construction. 

The  use  of  sjjecial  methods  and  diagi'ams  for  working  out  the  same 
problem  is  a  jjersonal  matter.  It  is  a  privilege  and  a  source  of  infor- 
mation to  become  acquainted  with  other  roads  than  one  may  have  been 
accustomed  to  travel.  In  this  respect,  the  writer  acknowdedges  that  he 
has  profited  by  the  discussion.  * 

Mr.  Wing's  graphical  tables  for  solving  the  problems  connected 
with  the  design  of  the  web  of  jilate  girders  cover,  very  likely,  all  the 
cases  that  may  arise  in  present-day  practice. 

The  writer  believes  that  when  the  numerical  tables,  Nos.  1  and  2, 
giving  the  total  buckling  values  of  webs,  for  10  000  and  13  000  lbs. 

*  The  foregoing  remarks  were  written  before  Mr.  VTing's  discussion  was  received. 
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Mr.  Schmitt.  unit  shearing  stresses  per  square  inch,  are  properly  used,  no  urgent 
need  exists  to  add  seven  more  similar  tables,  to  cover  the  range  of 
values  given  in  Fig.  14. 

Let  it  be  required,  for  instance,  to  find  the  total  buckling  values 
for  the  unit  shears  of  11  000,  14  000  and  18  000  lbs. ;  the  procedure 
would  be  as  follows  : 

For  11  000  lbs.  unit  shear,  add  to  values  of  Table  No.  1,  one-tenth  of  the  same; 
For  14  000    "  '•  "  "         No.  2,         "  values  of  No.  !;• 

For  18  000    "  '•  "  '•         No.  2,  one-half  "  "    "    etc. 

Proceed  similarly  with  the  rivet  tables. 

The  writer  will  not  enter  ujion  the  question  of  the  rapidity  and  ease 
with  which  the  jjath  of  the  several  lines  leading  to  final  results  can  be 
followed  through  the  difierent  diagi'ams  Mr.  Wing  has  presented,  and 
in  the  course  of  which  a  number  of  turning  points  occur.  He  would 
claim,  however,  that  with  his  method  the  two  main  jjoints,  noted  in  the 
heading  of  the  paper,  are  determined  in  loco ;  that  is,  the  rivet  pitch 
and  the  stiflfener  point  are  jjroduced  upon  the  girder  itself,  when  once 
the  shear  curves  for  the  loading  have  been  plotted.  This  the  writer 
considers  an  achievement  to  be  appreciated  for  its  clearness  and 
directness. 

The  inexactitude  of  the  rivet  formula  for  comjiound  shearing 
stresses  is  ijrojjerly  dismissed  by  Mr  Wing  as  unimportant;  yet  it 
must  be  stated  that  this  formula,  as  well  as  the  simple  rivet  formula, 
are  both  incorrect.  This  is  because  no  account  has  been  taken  of  the 
fact  that  the  web  takes  up  part  of  the  bending  moment,  so  that  the 
stress  to  be  carried  by  the  rivets  connecting  the  flange  to  the  web  is 
less  than  the  two  formulas  assume.  The  number  of  rivets  required, 
therefore,  is  also  less,  and  the  pitch  is  increased.* 

To  complete  the  paper,  both  sets  of  formulas  for  rivet  pitch  are 
given  here; 

For  simple  shear  stress,  the  usual  formula  for  j^itch  is, 

vh 
^'-^ 

For  simple  shear  stress,  the  correct  formula  for  pitch  is. 


P  = 


vh  _S_ 

S        "F 


For  comi)ound  shear  stress,  the  usual  formula  for  pitch  is, 

T  li 


P  = 


s|-+(«l) 


*  See  Johnson  and  Turneaure"s  "  Modem  Framed  Structures,"  pages  298, 305  and  306. 
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For  compound  shear  stress,  the  correct  formula  for  pitch  is,  Mr.  Schmitt. 

111  which  F=  area  of  one  flange  section; 
.4  =      "      the  web  " 

The  eoiTect  formulas  can  be  somewhat  simplified  by  expressing  the 
area,  of  the  web  in  terms  of  the  area  of  the  flanges.  According  to  the 
"Working  rule  for  economic  depth, "=*•  the  sum  of  the  areas  of  the 
flanges  ought  to  be  from  Ih  to  2  times  the  area  of  the  web  plate. 

Now,  when  2  F  =  —  A,  we  have  4r  ^  ^  F 
•4  8         3 

and.-r3       "     2i^=        A,         "        4  =  "^^  and  for: 

Simple  shear,  coiTect  formula  for  pitch, 

4   ,      5  V  h 

Compound  shear,  correct  formula  for  pitch, 

V  h 


P  = 


ja'40'-(^) 


In  Figs.  1,  2,  3,  4  and  5,  therefore,  it  is  onlv  necessary  to  lav  off. 

F+± 
8 
instead  of  h,  — ^ —  h,  for  the  case  for  simple  shear;  and  to  decrease, 

gi'aphicallv,    the   ordinates   of  the   main    shear    curves,    in    the   ratio 

F 

J  X  S,  for  the  case  of  compound  shearing  stresses,  to   obtain 

^  8 
more  exact  results  than  those  with  which  the  ordinary  theory  is  satis- 
fled.  The  writer  abstained  from  mentioning  the  correct  formulas  for 
rivet  pitch,  at  the  time,  because  he  did  not  wish  to  overburden  the 
presentation  of  his  method,  which  is  not  afi'ected  thereby,  and,  fui'ther, 
for  the  reason  that  their  acceptance  in  actual  practice  is  problematical. 
The  approximations  all  tend  toward  greater  safety. 

Mr.  Wing's  apprehension  that  the  empii-ical  rulef  given  by  the 
writer  would  lead  to  uneconomical  girders,  having  an  excessive 
deflection,  is  too  general  an  assertion,  and  should  not  be  accepted 
unreservedly. 

*  See  Johnson  and  Tumeaure,  page  300,  Section  282. 

+  Mr.  Wing  evidently  refers  to  the  first  one,  which  is,  7i  =  6  Tq-+  3  ins  (h  in  inches, 
li  in  feet),  page  562. 
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3lr.  Schmitt.  This  rule  is  to  be  used,  as  was  stated  in  the  paper,  in  ordinary  building- 
practice  only;  that  is  to  say,  in  Ugbter  stnictural  work,  and  not  in 
heavier,  and  railroad  work. 

The  expression,  "if  no  restrictions  are  placed  on  the  depth  of  the 
girders, "  must  not  be  interpreted  too  Hterally;  for,  however  contra- 
dictory this  may  sound,  restrictions  to  depths  of  girders  in  buildings 
will  always  exist.  Interferences  with  door  and  window  openings  have 
to  be  guarded  against  constantly,  and  the  projection  of  girders  beyond 
the  ceiling  line  into  rooms  below  has  to  be  looked  out  for,  also,  with 
the  same  care. 

IMr.  Wing  is,  perhai>s,  unaware  of  the  results,  on  the  other  hand,  to- 
which  the  formula  he  cites  for  economic  depths  will  lead,  if  used  in 
"  ordinary  "  building  practice. 

The  formula  for  economic  depth  cited  by  Mr.  Wing 


h=- 


.  2  3/* 
\)  YT 

presumes  for  its  application  a  "  practical  "  thickness  of  web  plate,  say 
^  in.  for  building  work  and  |  in.  for  bridge  work. 

In  heavier  work,  when  indeed  no  restrictions  whatever  hinder  the 
designer,  this  formula  will  give  proper  results,  and  the  economic  dejith 
found  thereby,  for  a  i^articular  case,  should  be  aimed  to  be  realized,  if 
possible. 

Concerning  IMr.  Szlapka's  formulasf  for  economic  depths,  it  should 
be  noted  that  they  are  based  on  difierent  assumj^tions,  and  deiived  in 
another  manner. 

The  depths  he  finds  are  about  the  same  as  those  mentioned  by  the 
writer.     (Page  562.) 

Mr.  Szlapka's  formulas  cover  iowv  cases: 

Case      I. — One-ninth  of  web  allowed  as  flange  area;  no  )    ,  1 

cover  i^lates,  f  8 

"       II. — No  allowance  made  for  web;  no  cover  iilates,      li  ^  —  L 

"     III. — One-ninth   of  web   allowed   as   flange    area;  )       1 

girder  with  cover  plates,                                 \  9 

"      IV. — No   allowance    made    for   web;    girder  with  )  1 

cover  plates,                                                   f  8      ' 

As  to  the  excessive  deflections  j^resumed  by  Mr.  Wing  to  take  place 
in  gii'ders,  the  depths  of  which  are  derived  by  the  formula, 

A  =  0.6i-t-  3  ins., 

the  writer  will  state  that  they  are  well  within  the  safe  limit  established 
by  the  standard  rule  governing  them  in  building  practice. 


*  See  page  5^*8.      It  may  be  mentioned  that  Winkler  finds  h  =  kI  — — .    See  his 
"  Theory  of  Elasticity  and  Strength."'  Prague,  1867,  page  220. 
t  The  Engineering  Record,  March  2~th,  1897. 
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This  nile  states  that  tho  (U'tloction  of  a  Ijeaiii  or  girder  shall   not  Mr.  Schmitt. 
exceed  ^o  of  the  length  of  the  span,  or  ito  in.  per  foot  of  span.* 
This  rule,  in  algebraic  form,  reads, 

h  =  0.497  L;  or,  better,  h  =  0.5  L, 

in  which  h  is  in  inches  and  L  in  feet.  Although  this  rule  is  looked 
upon  as  a  thoroughly  reliable  and  safe  one,  being,  in  fact,  a  standard  in 
building  practice,  and  recommended  as  such  to  architects  as  a  safe 
guide;  it  will  be  found,  nevertheless,  that  in  their  beam  tables  all  the 
mills  diiier  from  it  in  excess,  f  This  leads  to  the  adoption  of  deeper 
and  heavier  beams  than  circumstances  requu-e.  It  is  evident  that  the 
excess  of  material  put  into  floor  beams  in  this  manner  will  be  a  consid- 
erable item,  particularly  in  the  modern  tyi?e  of  tall  buildings. 

The  derivation  of  this  formula  is  very  simple.  From  applied 
mechanics  it  is  known  that  a  gii-der  suiJi^orted  at  the  ends,  uni- 
formly loaded,  and  with  constant   cross-section,  has   a   deflection  (in 

inches)  =3gj    :F7' 

wherein,  E  =  modulus  of  elasticity  =  29  000  000  lbs.  per  square  inch  ; 

/  =  moment  of  inertia  of  the  cross-section  •;    ^ 

q  =  load  per  inch  of  length  ; 

/   z=  span  of  beam  or  girder,  in  inches. 
It  is   known,   further,  that  the  bending  moment   and  moment   ot 
inertia  have  the  following  relations: 

ili  =: ,  or  /= ^, 

h  2  T 

also,  i>/=  i — .,  whence  J  =  ± .. 

8  16  T 

Introducing  this  last  term  in  the  formula  for  deflection, 
deflection  = — — . 

As  stated  before,  this  deflection  should  be  < I ;   equating  now,  we 

=  360 
obtain 

_L  =  ^  ^'^' 

360        24  E  Ji 

introducing  in  this  equation  the  known  quantities,   T  =  16  000  lbs., 

^=29  000  000  lbs., 

12 
we  obtain,  h  =  — -  / {k  and  I  both  in  inches) 

*  This  rule  is  mentioned  in  all  mill  handbooks  and  treatises  on  building  construc- 
tion, and  the  writer  thiuks  Tredgold  was  its  originator.  No  rule,  limiting  the  deflection 
of  railroad  bridges,  seems  to  exist. 

t  Except  the  tables  in  the  '•  Handbook  of  the  Cambria  Steel  Company." 
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Mr.  Schmitt.  If  it  is  desired  to  derive  the  depth  of  the  girder  in  inches,  when  the 
span  L  is  given  in  feet,  then,  put  I  =  \2  L; 

whence,  Ji  =  —   L  =  0.497  L  ; 

290 

or,  better,  /«  =  0.5  L. 

In  words,  one-half  of  the  number  which  expresses  the  span  of  the  girder 

in  feet  gives  the  depth  in  inches  for  a  beam  which  will  not  deflect  more 

than  3-|o  of  its  span. 

Dividing,  now,  the  exact  depth  required  by  the  depth  determined 
by  the  empirical  nile,  their  ratio  taken  inversely  will  be  the  ratio  of  the 
deflections  for  the  two  cases. 

We  have  (all  dimensions  in  inches), 

exact  dei^th,  h  =  0.5  -^, 

empirical       "  ^  ^  0.6  rr^  +  3, 


and 


05-^ 
Empirical  deflection  12 


Exact  deflection  n  n     ^      ,   o 

0.6^  +  3 


,        T   Empirical  deflection  0. 5  / 

or  reduced,  — 


Exact  deflection  0. 6  /  +  36 

Assuming,  now,  for  example,  L  =  30  ft.,  =  360  ins.,  the  foregoing^ 
5 
ratio  would  be  =  -y,  and  the  limiting  deflection,  in  terms  of  the  length 

of  the  span,  would  be, 

by  the  exact  formula,  =  ^^  I, 

"        empirical         "  ^  ^  x  ^^  I  =  ^^L 

Even  if  the  constant  36  is  neglected,  in  the  general  formula  for  ratiO' 

of  deflections,  the  last  fraction  would  yet  be  =  -— -  /,  as  against  — —  I. 

4:o2  dbU 

The  foregoing  will  prove,  therefore,  that  the  empirical  rule  given. 

for  depths  of  girders,  in  ordinary-  building  practice,  ought  not  to  be- 

objected  to. 
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A  CENTUEY  OF  CIVIL  ENGINEERING. 
By  J.  James  R.  Ckoes,  President,  Am.  Soc.  C.  E. 


The  century  wliich  has  just  passed,  the  nineteenth  of  the  Christian 
era,  is  distinguished  from  any  of  the  preceding  hundred-year  periods 
in  the  woild's  history  by  the  advances  made  in  the  co-operation  of 
investigators  in  numerous  branches  of  science  in  the  formulation  of 
doctrines  regarding  the  nature  and  co-ordination  of  natural  phenomena, 
which  stand  the  test  of  experiment  and  calciilation,  thus  leading  to  a 
nearer  approximation  to  the  understanding  of  the  laws  Avhich  govern 
such  phenomena  and  so  to  the  development  into  a  profession  of  the 
"  Art  of  directing  the  great  sources  of  Power  in  Nature  for  the  use  and 
convenience  of  Man,"  which  Art  is  entitled  Civil  Engineering.  This 
definition  is  itself  one  of  the  most  noteworthy  products  of  the  Nine- 
teenth Century,  and  a  study  of  the  sequence  of  events  and  reasoning 
which  led  to  its  formulation  is  not  without  interest. 

Ever  since  man  became  endowed  with  consciousness  and  the  power 
of  reasoning,  he  has  been  striving  to  solve  the  problems  of  the  physical 
world  around  him  in  which  he  perceived  matter  in  motion,  which  was 
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evidenced  to  his  senses  by  sight  and  touch,  by  sound  and  taste  and 
smell,  but  which  was  devoid  of  sentience,  so  far  as  he  could  discover. 
He  observed  at  once  that  by  its  different  manifestations  his  physical 
comfort  was  materially  affected,  and  it  did  not  take  long  for  him  to 
learn  that  certain  sequences  of  sensation,  of  cne  sort  or  another,  fol- 
lowed certain  manifestations  occuiTing  singly  or  in  combination,  and 
then  that  the  order  of  many  such  manifestations  could  be  controlled 
by  him  at  will,  while  that  of  multitudes  of  others  could  not  be  so  con- 
trolled at  first,  their  methods  and  causes  not  being  appreciable  by  his 
unassisted  senses. 

Bat  until  about  three  hundred  years  ago  there  does  not  seem  to 
have  been  any  systematic  and  well-directed  effoi't  to  investigate  the 
reasons  why  material  changes  occurred  naturally,  or  how  certain 
changes  could  be  artificially  produced  with  certainty. 

To  discover  the  sequence  of  natural  events  is  first  of  all  an  empirical 
task:  facts  must  be  observed  systematically  and  recorded  and  then 
their  combinations  reasoned  upon.  Hyi^otheses  can  then  be  formed 
as  to  the  probable  effects  of  slightly  diflerent  collocations  and  sequences 
of  events,  and  these  subjected  to  exjjeriment  and  computation.  An 
hypothesis  cannot  be  established  as  a  scientific  fact  until  it  has  been 
verified  by  observation  and  also  proven  to  be  in  accordance  with  mathe- 
matical laws.  Tennyson's  apothegm,  that  "knowledge  comes,  but 
wisdom  lingers,"  is  j^rofoundly  true. 

Now,  up  to  the  beginning  of  the  seventeenth  century  of  the 
Christian  era,  there  had  been  no  organized  physical  exijerimentation, 
on  a  comjirehensive  scale,  and  intelligent  reasoning  therefrom.  The 
speculations  as  to  the  laws  of  Nature  which  had  been  made  from  time 
to  time  had  been  jiurely  efforts  of  the  imagination,  and  were  unsus- 
tained  by  either  practical  demonstration  or  analytical  reasoning. 
Various  hyj^otheses  had  been  framed,  on  insufficient  or  incorrect 
premises,  and  some  of  them  had  been  so  near  the  truth  as  to  actually 
delay  the  progress  of  the  truth,  by  the  api^earance  of  exactness 
in  the  reasoning  from  them,  uji  to  a  certain  i^oint. 

Eeally,  the  civil  engineer  had  been  jiracticing  his  art  and  directing 
the  forces  of  Nature  for  the  use  and  convenience  of  man,  but  without 
any  conception  of  what  those  forces  were,  or  how  they  acted,  or  of 
why  he  did  anything,  or  what  the  result  of  it  would  be,  unless  he  had 
done  the  same  thing  before  in  the  same  wav.     He  did  not  know  that 
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the  earth  inoveil,  aud  he  hail  uo  ideu  why  or  at  what  rate  a  stoue  fell 
to  the  earth,  or  water  ran  dowu  hill.  He  had  uo  measure  of  heat  or 
light,  and  used  uo  power  but  that  \vhich  the  uniscles  of  an  auimal 
produced.  Aud  yet  he  had  built  the  Pyramids,  the  Parthenon  and 
the  Pantheon;  had  constructed  aqueducts,  canals  and  sewers;  had 
regulated  and  maintained  the  rivers  of  China  for  thousands  of  years; 
and  had  just  been  recognized,  on  account  of  his  labors  in  protecting 
the  low  lands  of  Holland  aad  the  shores  of  Italian  rivers  from  the 
encroachments  of  the  water,  as  holding  a  distinct  rank  among  the 
workers  of  the  world. 

Of  the  application  of  the  forces  of  Nature  to  aiding  his  labors,  he 
seems  to  have  been  ignorant,  except  by  the  use  of  a  flowing  stream 
to  turn  a  wheel.  The  earliest  recorded  application  of  this  mode  of 
l^roducing  power  in  England  was  in  1582  when  Peter  Moryss,  a  Hol- 
lander, procured  from  the  City  of  Loudon  a  franchise  for  five  hundred 
years  for  supjilying  water  to  the  city  by  pumping  from  the  Thames, 
using  a  wheel  driven  by  the  ebb  and  flow  of  the  tide  under  London 
Bridge. 

With  the  beginning  of  the  seventeenth  century,  the  world  entered 
on  a  new  era  of  science,  theoretical,  and  applied.  The  casual  observa- 
tion by  a  little  child,  of  the  curious  optical  effect  obtained  by  looking 
through  two  j^ieces  of  glass,  led  to  the  invention  of  the  telescope  and 
the  microscope,  which  disclosed  to  man  objects  beyond  the  reach  of 
his  unassisted  vision.  The  swinging  of  a  hanging  lamp  suggested  to 
a  thoughtful  man  the  idea  of  an  unseen  force,  and  Galileo,  by  experi- 
ment and  reasoning,  discovered  the  law  of  terrestrial  gravitation  and 
first  grasped  the  idea  of  force  as  a  mechanical  agent. 

Turning  his  newly-invented  telescojie  ujjon  the  heavens,  he  was 
the  first  man  in  the  world  to  witness  the  actual  motion  of  the  planets 
and  their  satellites,  and  to  prove  that  they  and  the  earth  revolved 
about  the  sun,  as  Pythagoras  had  imagined  two  thousand  years  before, 
Copernicus  had  asserted  a  hundred  years  before,  and  his  own  contem- 
porary, Kepler,  had  reasoned  from  the  imiaerfect  data  then  possessed 
and  had  actually  formulated  the  laws  of  their  motion  in  forms  which 
the  science  of  our  day  confirms  exactly.  He  was  the  first  to  conceive 
the  theory  of  transverse  strains  in  solids,  but  the  facility  of  experi- 
mentation with  fluids  diverted  his  attention  from  more  rigid  bodies, 
and  the  fundamental  principles  of  hydraulic  science  were  established 
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by  him  and  by  bis  pupils  and  immediate  successors  in  the  fascinating 
studies  be  bad  introduced. 

To  Galileo,  also,  is  due  tbe  invention  of  tbe  tbermometer,  wbicb 
enabled  definite  measurement  to  be  made  of  tbe  mysterious  phe- 
nomenon of  beat  which  his  great  contemporary  philosopher  in 
England,  Lord  Bacon,  conceived  to  be  "an  expansive  undulatory 
motion  in  the  particles  of  a  body  whereby  they  tend  with  some 
rapidity  toward  the  circumference,  and  also  a  little  upward."  But 
Bacon  was  two  hundred  years  in  advance  of  the  physicists,  and  the 
century  was  occupied  almost  exclusively  in  tbe  elucidation  of  the 
laws  of  gravitation  as  exemplified  in  the  action  of  fluids.  For  the 
study  of  liquids  and  tbeir  action  demonstrated  that  they  were,  under 
certain  conditions  of  temperature,  transformed  into  invisible  and 
elastic  substances  governed  in  general  by  the  same  laws,  and  also  that- 
there  were  all  around  other  similar  substances  which  could  not  be 
condensed  into  liquid  inelastic  form,  but  could  be  weighed  by  the 
barometer  which  Torricelli  invented  in  1643.  And  so  the  laws  of 
gases  came  to  be  investigated  and  formulated  by  Mariotte,  who,  to 
aid  him  in  his  researches,  invented  tbe  rain  gauge  in  1677,  and 
measured  the  liquids  condensed  from  the  atmosphere.  The  value  of 
the  data  thus  obtained,  to  the  hydraulic  engineer,  was  appreciated  by 
the  French  engineers  at  once,  and  ever  since  1681  records  of  the  rain- 
fall have  been  kept  continuously  at  Paris,  and  tbe  practice  has 
gradually  extended  over  the  whole  world.  But  it  is  worthy  of  note 
that  fifty  years  after  the  invention  of  the  rain  gauge,  Belidor,  in  his 
magnificent  treatise  on  Hydraulic  Architecture  (1728),  tbe  first  com- 
pendium of  engineering  theory  and  practice,  in  treating  of  tbe  sources 
of  water  supply  for  domestic  use,  did  not  mention  tbe  rain  gauge  or 
the  amount  of  rainfall,  but  dwelt  on  tbe  divining  rod  as  the  recognized 
means  of  discovering  subterranean  streams  of  water. 

The  close  of  this  century  saw  the  final  establishment  of  the  law  of 
gravitation  by  Newton's  proof  of  its  governing  tbe  whole  material 
universe.  And  any  review  of  the  progress  made  during  the  century  ■ 
toward  the  understanding  of  the  laws  of  Nature  would  be  incomplete 
without  allusion  to  the  two  great  steps  taken  in  it  toward  the  facili- 
tating of  mathematical  computations,  the  invention  of  logarithms  at- 
tbe  beginning  of  the  century  and  of  the  calculus  at  its  close. 

That  heat  produced  dynamic  effects  had  been  recognized  for  ages.. 
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That  it  destroyed  some  solids,  that  it  converted  others  into  diflferent 
forms  possessing  entirely  diftereut  properties,  that  it  caused  the  dis- 
sipation and  disa])i)».'aranc'e  of  liquids,  wei'e  facts  well  established. 
That  by  its  api)licatiou  to  certain  combinations  of  materials  an  explo- 
sive effect  could  be  produced  which  overcame  the  force  of  gravity  had 
been  discovered  three  or  four  hundred  years  liefore  when  gunjjowder 
was  invented,  but  that  a  mechanical  effect  could  be  jiroduced  by  the 
use  of  heat  was  not  understood,  and  the  nature  of  the  phenomenon 
itself  was  not  comprehended.  It  was  looked  upon  by  physicists  as  an 
"  element  "  or  jjrimary  form  of  matter,  and  in  1690  Stahl  conceived 
the  idea  of  "phlogiston,"  an  elementary  substance,  invisible  and 
inappreciable  by  the  senses,  which  entered  into  the  composition  of 
combustible  substances,  and  which,  by  the  process  of  combustion, 
was  separated  from  them  and  passed  off  in  the  form  of  corpuscles 
w^hich,  striking  the  sensory  nerves,  were  perceived  as  heat.  Sir  Isaac 
Newton  espoused  this  phlogiston  hyi:)othesis  and  also  conceived  that 
light  was  the  product  of  certain  corpuscles  which  were  perceived  by 
the  optical  nerves.  The  discussion  of  these  hypotheses  occupied  the 
attention  of  the  jihilosophers  for  the  whole  of  the  eighteenth  century, 
and,  in  the  meantime,  the  physicists  were  busy  experimenting  on  the 
methods  of  utilizing  the  vapor  into  which  heat  converted  water.  By 
degrees,  the  steam  engine  was  develoi^ed  into  a  practical  machine, 
capable  of  doing  work  which  before  could  only  be  accomplished  by 
animal  labor,  and  the  engineer  availed  himself  of  it  in  the  handling  of 
materials.  But  although  the  chemists  had  been  striving  for  centuries 
to  learn  the  composition  of  matter  and  the  means  of  transforming  and 
combining  its  several  natural  conditions,  they  had  not,  at  the  begin- 
ning of  the  nineteenth  century,  learned  how  to  produce  either  heat  or 
hght,  except  by  the  aboriginal  method  of  striking  flint  and  steel 
together.  In  the  lack  of  knowledge  of  the  j)roperties  of  these  phe- 
nomena and  the  fact  that  they  could  be  utilized  on  a  large  scale,  there 
was  no  occasion  for  the  devotion  of  any  special  class  of  men  to  their  pro- 
duction and  development.  There  were  two  other  classes  of  phenomena 
which  seemed  as  if  they  ought  to  be  controlled  by  man,  but  the  laws 
of  which  had  so  far  eluded  discovery,  electricity  and  magnetism.  So 
that,  really,  all  that  the  civil  engineer  had  to  deal  with  was  the  force 
of  gravity  acting  on  such  materials  as  the  earth  yielded  him,  in  their 
natural  state  or  as  they  could  be  modified  by  heat  and  manual  labor. 
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But  he  had  been  making  jDrogress.  In  Italy,  where  the  first  appli- 
cation of  science  to  construction  had  been  made,  the  study  of  the  laws 
of  hydraulic  science  had  been  constantly  pursued,  and  those  laws 
applied  to  the  regulation  of  the  rivers;  in  France,  ever  ready  to 
grasp  new  ideas  and  to  pursue  their  application  to  practical  results, 
the  i^rinciples  of  hydraulics  had  been  studied  and  apiilied  to  the  con- 
struction of  great  canals,  and  to  the  supjily  of  water  to  Paris,  where, 
in  1671,  water  was  pumped  by  a  water  wheel  driven  by  the  current  of 
the  Seine  and  distributed  through  cast-iron  pipes.  In  England,  Hugh 
Myddelton  had  supplied  Loudon  with  water,  and,  in  1638,  Nicholas 
Termuyden  had  been  called  in  from  Holland  to  protect  the  lands  along 
the  River  Ouse  from  overflow,  a  task  so  well  accompHshed  that  his 
work  stood  for  a  hundred  years  and  only  failed  then  from  lack  of 
proper  maintenance,  the  English  having  by  that  time  apparently 
concluded  that,  as  Dr.  Franklin  wrote  in  1772,  "rivers  were  unman- 
ageable things,"  and,  inspired  by  the  success  of  the  public  waterways 
of  France,  turned  their  attention  to  the  construction  of  canals  and  the 
improvement  of  harbors.  Many  important  works  of  this  class  were 
built  in  England  during  the  last  half  of  the  eighteenth  century.  The 
men  by  whom  these  works  were  constructed  were  not  educated  men 
or  men  exjierienced  in  scientific  research.  They  certainly  were  men  of 
great  natural  ability  and  good  judgment,  and  capable  of  conceiving 
and  executing  great  projects.  One  of  the  greatest  of  them,  John 
Smeatou,  who  was  the  first  Englishman  to  call  himself  a  civil  engineer, 
thus  esjiressed  his  conception  of  the  i^rofession  which  he  adorned: 

"Civil  engineers  are  a  self-created  set  of  men  whose  profession 
owes  its  origin  not  to  power  or  influence,  but  to  the  best  of  all  protec- 
tion, the  encouragement  of  a  great  and  powerful  nation,  a  nation 
become  so  from  the  industry  and  steadiness  of  its  manufacturing 
workmen  and  their  superior  knowledge  in  practical  chemistry, 
mechanics,  natural  philosophy  and  other  useful  accomi^lishments." 

Smeaton  was  himself  an  investigator,  but  he  is  the  only  one  of  the 
civil  engineers  of  Great  Britain  during  the  eighteenth  century  who 
strove  to  discover  the  laws  which  governed  the  operations  of  Nature. 

The  most  eminent  civil  engineer  in  England  in  the  year  1800  was 
Thomas  Telford,  who  was  born  in  1757.  Beginning  life  as  a  mason, 
he  developed  an  extraordinary  faculty  of  generalization,  combined 
with  an  intimate  acquaintance  with  the  details  of  workmanship  in  all 
the  methods  of  construction  known  in  those  days.     In  the  building 
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of  eauals,  lii-j^lnvays,  bavbora,  bridges  and  ilot-ks  lie  disijlayed  great 
grasp  of  the  subjoet  of  the  improvemeut  of  transportation  facilities,  as 
then  existing,  and  great  boldness  of  design  and  ingenuity  in  construc- 
tion. 

But  it  must  be  bome  in  mind  that  at  that  time  the  canal  was 
considered  the  only  possible  mode  of  increasing  facilities  of  trans- 
portation and  reducing  cost,  no  motive  power  excejjt  animal  force 
was  known,  the  metals  were  but  little  used  in  construction,  and  a 
framed  structure  adapted  to  bear  heavy  loads  was  unknown.  As 
"  an  eminent  mathematician,"  quoted  in  the  Edinburylt  Revieto  in  1805, 
remarked : 

"While  we  give  ourselves  infinite  trouble  to  pursue  investigations 
relating  to  the  motions  and  masses  of  bodies  which  move  at  immeasur- 
able distances  from  our  jjlanet,  w-e  have  never  thought  of  determining 
the  forces  necessary  to  prevent  the  roofs  of  our  houses  from  falling 
on  our  heads." 

It  is  related  of  Telford  that  when  on  one  occasion  he  was  consulted 
by  a  young  man  as  to  the  ad\"isability  of  his  engaging  in  civil  engi- 
neering, he  said  to  him:  "I  have  made  all  the  canals  and  all  the 
roads  and  all  the  harbors.  I  don't  see  what  there  is  that  you  can. 
expect  to  do." 

His  ideas  regarding  the  training  of  the  civil  engineer  are  given 
at  some  length  in  his  Personal  Memoirs  prepared  shortly  before  his 
death. 

"Youths  of  respectability  and  competent  education  who  contem- 
plate Civil  Engineering  as  a  profession,  are  seldom  aware  how  far  they 
ought  to  descend  in  order  to  found  the  basis  of  future  elevation.  Not 
only  are  the  natural  senses  of  seeing  and  feeling  requisite  in  the 
examination  of  materials,  but  also  the  i^ractised  eye,  and  the  hand 
which  has  experience  of  the  kind  and  qualities  of  stone,  of  lime,  of 
iron,  of  timber,  and  even  of  earth,  and  of  the  effects  of  human  inge- 
nuity in  applying  and  combining  all  these  substances,  is  necessary 
for  arriving  at  mastery  in  the  profession.  For  how  can  a  man  give 
judicious  directions  unless  he  possesses  personal  knowledge  of  the 
details  requisite  to  effect  his  ultimate  purpose  in  the  best  and  cheapest 
manner?" 

"  It  has  happened  to  me  more  than  once,  when  taking  opportuni- 
ties of  being  useful  to  a  young  man  of  merit,  that  I  have  experienced 
opi^osition  in  taking  him  from  his  books  and  his  drawings  and  plac- 
ing a  mallet,  chisel  or  trowel  in  his  hand,  till  rendered  confident  by 
the  solid  knowledge  which  exijerience  only  can  bestow^  he  was  quali- 
fied to  insist  on  the  due  jserformance  of  workmanship  and  to  judge 
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of  merit  in  the  lower  as  Tvell  as  the  higher  departments  of  a  j^ro- 
fession  in  which  no  kind  or  degree  of  practical  knowledge  is 
superfluous." 

This  is  doubtless  good,  sound  doctrine,  but  it  does  not  betoken 
any  very  lofty  conception  of  the  aims  and  ends  of  the  profession. 
But  during  the  first  quarter  of  the  nineteenth  century  Telford  stood 
at  the  head  of  the  profession  of  civil  engineering,  and  when,  in  1820, 
the  recently  formed  association  of  its  practitioners  for  mutual  advance- 
ment in  science,  which  was  termed  The  Institution  of  Civil  Engineers, 
desired  a  prominent  leader,  he  was  chosen  its  President,  and  held 
that  office  until  his  death  in  1834.  He  does  not  appear  to  have  con- 
tributed to  The  Institution  any  papers  or  discussions  on  engineering 
subjects. 

Among  the  members  of  The  Institution  at  that  time  was  a  man 
thirty  years  the  Junior  of  the  President,  who,  like  him,  had  risen  from 
humble  origin,  and  by  his  own  exertions  attained  a  high  rank  in  the 
profession,  and  who,  rather  oddly,  had  the  same  fore-name,  and  a 
surname  of  two  syllables  the  initial  and  final  letters  of  which  and  the 
vowel  sounds  of  which  were  the  same  as  Telford's.  This  similarity  of 
name  has  led  to  some  confusion  and  sometimes  to  the  attributing  to 
one  of  these  men  the  sayings  and  doings  of  the  other. 

Thomas  Tredgold,  born  in  1788,  began  life  as  a  carpenter,  but  soon 
devoted  himself  to  the  study  of  engineering  science  and  its  practice  in 
the  office  of  the  Chief  Engineer  of  the  Ordnance  Bureau.  He  early 
recognized  the  deficiency  of  the  knowledge  then  existing  as  to  the 
nature  and  strength  of  the  materials  used  in  construction,  and  he 
studied,  experimented  and  reasoned  systematically,  and  published  the 
results  of  his  labors.  His  Treatise  on  Carpentry,  in  1820,  was  the  first 
published  attempt  to  determine  scientifically  and  jDractically  the  data 
of  resistance  of  beams  to  transverse  flexure.  During  the  next  seven 
years  he  contributed  to  the  Transactions  of  the  Institution  of  Civil 
Engineers  paj^ers  showing  the  mode  of  ajiplication  of  science  to  engi- 
neering problems,  and  he  also  i^ublished  treatises  on  Warming  and 
Ventilation,  on  Steam  Navigation,  on  Eailroads  and  Carriages,  and  on 
the  Steam  Engine.  It  was  to  him  that  the  Institution  turned  when  it 
wished  to  apply  for  a  Royal  Charter,  in  1828,  and  requested  him  to 
prejiare  a  definition  of  Civil  Engineering. 

As  we  look   back   uijon  the   history  of    science,  theoretical   and 
applied,  during  the  first  quarter  of  the  nineteenth  century,  we  can 
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see  how  a  ucw  tlefiuition  of  the  profession  of  Civil  Enpfineering  was 
needed  at  that  date. 

At  the  very  bej^finningof  the  century  there  had  occurred  a  marvelous 
revolution  in  the  coneei)tion  of  the  nature  and  operation  of  the  laws 
governing  matter  and  its  motion.  Lavoisier  had  revolutionized 
chemical  science  and  Dalton  had  propounded  a  theory  of  atomic 
constitution  of  matter  which  has  been  sustaineei  by  observation 
and  reason.  All  matter  is  comi)osed  of  a  few  primal  elements  in 
an  atomic  or  minutely  subdivided  ^orm.  Thege  atoms  have  vary- 
ing chemical  affinity  for  each  other,  and,  combining  in  certain 
proportions,  form  molecules  of  matter  of  various  kinds.  The 
study  of  these  combinations  has  been  the  business  of  chemists 
for  the  last  hundred  years,  and  the  laws  of  combination  have  been  so 
successfully  elucidated  that  many  forms  of  matter  which  before  were 
found  only  in  a  state  of  Nature  can  now  be  artificially  produced,  and 
many  other  forms  have  been  jaroduced  which  are  never  found  in  Nature 
and  which  are  useful  for  purposes  and  under  conditions  where  no 
natural  product  can  be  used  to  advantage.  The  impetus  given  to  chem- 
ical research  by  the  formulation  of  Dalton's  theory  was  sufficient  to 
establish  the  fact,  early  in  the  century,  that  chemical  affinity  was  a 
source  of  power  which  could  be  directed  by  man  intelligently  and  with 
jsrospect  of  advantage. 

Just  with  the  incoming  of  the  century,  too,  cameRumford's  demon- 
stration of  the  fact  that  heat  was  not  a  material  substance,  but  only  a 
mode  of  motion.  Almost  simultaneously  was  propounded  the  theory 
of  Thomas  Young,  that  light,  too,  was  not  material,  but  ■«  as  simply 
due  to  vibratory  motion  in  an  all-pervading  medium  to  which  he  gave 
the  name  of  the  luminiferous  ether. 

It  was  in  18U0,  too,  that  Volta  demonstrated  that  an  electric  cur- 
rent could  be  artificially  produced.  How  it  could  be  controlled  and 
applied  to  practical  use  did  not  yet  appear,  but  a  new  direction  had 
been  given  to  the  minds  of  those  engaged  in  jjhysical  research. 

As  it  became  manifest  that  chemical  affinity  and  heat  and  light 
could  be  conti-olled  and  directed  and  converted  into  Energy,  as  Young 
termed  it,  the  men  who  had  been  trained  in  utilizing  the  force  of 
gravity  turned  their  attention  to  the  development  of  these  newly 
understood  sources  of  power.  Fitch  and  Fulton,  with  the  aim  of 
reducing  the  cost  of  water  transjjortation,    succeeded    in    applying 
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the  steam  engine  to  the  proiDulsion  of  boats,  and  Trevithick  made 
successful  application  of  steam  proj^ulsion  to  vehicles  on  land, 
Murdock  had  proved  that  illuminating  gas  could  be  produced  and 
distributed  to  consumers.  The  civil  engineers  of  the  day  had  seized 
on  all  these  inventions  and  discoveries,  and  in  both  Europe  and 
America  were  designing  and  constructing  works  to  render  them 
usefiil  to  the  greatest  number  of  i^eople. 

Reviewing  then  what  had  been  accomplished  during  the  first 
quarter  of  the  century,  Tredgold  could  not  but  perceive  that  civil 
engineering  was  something  broader  and  more  comprehensive  than  the 
mere  construction  of  harbors,  breakwaters  and  canals,  and  he  pre- 
sented on  .January  4th,  1828,  in  response  to  the  request  of  the  Institu- 
tion, this  ever  memorable  definition  of  Civil  Engineering: 

*"  Civil  Engineering  is  the  art  of  directing  the  great  sources  of  power 
in  Nature  for  the  use  and  convenience  of  man;  being  that  practical 
application  of  the  most  important  principles  of  natural  jjhilosophy 
which  has,  in  a  considerable  degree,  realized  the  anticipations 
of  Bacon,  and  changed  the  aspect  and  state  of  afi'airs  in  the  whole 
world." 

After  a  brief  sketch  of  the  objects  of  Civil  Engineering,  he  added: 
"  The  real  extent  to  which  it  may  be  applied  is  limited  only  by  the 
progi-ess  of  science;  its  scope  and  utility  will  be  increased  with  every 
discovery  in  philosophy,  and  its  resources  with  every  invention  in 
mechanical  or  chemical  art,  since  its  bounds  are  unlimited,  and  equally 
so  must  be  the  researches  of  its  professors."* 

A  more  concise  and  comprehensive  definition  of  a  great  truth  can 
hardly  be  conceived.  From  a  physical  and  intellectual  standpoint,  a, 
nobler  aim  for  the  exercise  of  the  mental  powers  cannot  be  imagined 
than  the  direction  of  the  great  sources  of  power  in  Nature  for  the  use 
and  convenience  of  man.  Psychology  deals  with  mind  alone,  Physics 
considers  the  nature  and  the  laws  of  matter,but  Civil  Engineering  treats 
of  the  intelligent  direction  of  the  laws  governing  matter  so  as  to  pro- 
duce eff"ects  which  will  reduce  to  a  minimum  the  time  and  physical 
labor  reqiiired  to  supply  all  the  demands  of  the  body  of  man  and  leave 
more  opportunity  for  the  exercise  of  the  mental  and  spiritual  faculties. 
Philosophy,  Physics  and  Civil  Engineering  must  work  hand  in  hand. 
The  philosopher  must  imagine,  the  physicist  j^rove  by  experiment  and 
mathematical  computation,  and  the  engineer  apply  to  practice  the  laws 
of  matter.     Each  must  keep  himself  informed  of  the  progress  made 

*  Minutes  of  Proceedings,  Institution  of  Civil  Engineers,  Vol.  xxvii,  p.  181. 
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l)y  the  others  ami  must  aiil  them  by  suggestions  as  to  the  lines  on 
which  research  needs  to  be  carried  forward.  The  civil  engineer,  in 
rtttemi)tiug  to  solve  some  problem  of  ccnstructiou,  finds  that  he  needs 
a  material  which  shall  possess  a  certain  quality  which  he  cannot  dis- 
cover that  any  natural  product  possesses.  He  calls  the  chemist  to  his 
aid,  and  he,  from  a  study  of  the  combinations  of  existing  forms  of 
matter  which  most  nearly  api^roach  the  desired  ideal,  reasons  that  some 
special  combination  of  elements  will  entirely  fulfil  the  conditions,  and 
he  experiments  to  find  whether  such  combination  can  be  made.  Some- 
times he  is  successful  in  his  first  attempt  and  sometimes  not.  But, 
whatever  the  result,  he  has  added  to  his  knowledge  of  the  laws  of 
combinations  and  has  furnished  to  the  philosopher  fresh  data  for  his 
generalizations  and  to  the  engineer  a  new  material  for  his  use. 

It  not  infrequently  occurs  that,  from  investigations  made  for  a 
siJccific  purpose,  results  are  obtained  of  the  greatest  usefulness  for  an 
entirely  different  piirpose.  Thus,  in  1855,  when  Henry  Bessemer, 
inspired  solely  by  that  desire  "  to  kill  something  "  which  is  alike  the 
ruling  passion  of  the  rudest  savage  and  the  most  highly  civilized  man, 
bent  all  his  energies  to  the  j^roduction  of  a  metallic  combination  which 
should  be  able  to  resist  the  force  of  the  highest  explosive  and  so  enable 
a  cannon  ball  to  be  projected  from  a  gun  to  a  greater  distance  than 
ever  before,  he  discovered  a  method  of  exijelling  all  foreign  substances 
from  iron  and  then  adding  a  minute  quantity  of  another  element, 
carbon,  in  such  proportions  that  the  original  mass  was  materially 
changed  in  character  and  made  more  ductile,  stronger  and  stiffer.  The 
product  was  exactly  what  the  railroad  engineer  wanted  at  that  time  for 
the  bearing  surface  of  his  roadway,  and  the  material  which  had  been 
sought  for  destructive  purposes  became  a  most  important  factor  in 
facilitating  the  transportation  of  men  and  goods  with  certainty  and 
safety  at  high  speeds. 

As  the  knowledge  of  the  nature  of  steel  and  the  precise  methods  in . 
which  it  can  be  manufactured  have  progressed,  the  engineer  has  grad- 
ually come  to  know  just  what  he  wants  and  how  it  can  be  produced, 
and,  in  his  specifications,  requires  that  the  particular  material  of  this 
class  which  he  desires  shall  be  of  a  certain  chemical  composition  and 
also  possess  certain  characteristics.  The  same  is  the  case  with  almost 
every  material  which  enters  into  the  construction  of  engineering  works 
of  the  present  day.     Matter  in  its  original  state  is  rarely  used.     Its 
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eliemical   condition   must   be   transformed   before   tlie   engineer  can 
utilize  it  ■sritli  any  confidence.     That  almost  any  desired  transforma- 
tion can  be  affected  was  not  realized  until  late  in  the  century.    Stalling 
■with  the  atom,  the  ultimate  jjarticle  of  matter  so  far  comprehended  by 
us,  the  chemist  found  that  several  diflerent  kinds  of  atoms  could  be 
identified,  and  that  these  would  combine  in  certain  ways  according  to 
laws  which  could  be  formulated.     But  in  the  application  of  these  laws 
and  the  tabulation  of  the  results  gaps  were  found  to  exist  which  could 
not  be  filled  without  the  sujjposition  that  other  elements  existed  than 
those  already  known.     The  existence  of  such  elemental  substances  was 
confirmed  by  the  revelations  of  the  spectrum  analysis,  and,  later  on, 
several  of  such  elements  have  been  actually  identified  by  the  use  of 
the  electric  current  in  creating  vibrations  in  the  ether.     The  limit  is 
probably  not  reached  yet,  but  as  each  new  element  is  discovered  its 
affinities  are  sought  by  the  chemist,  its  sensibility  to  various  forms  of 
vibratory  motion  are  investigated  by  the  dynamist,  as  we  may  term 
the  physicist  who  is  seeking  the  laws  of  either  heat  or  light  or  elec- 
tricity, and  then  it  is  the  function  of  the  civil  engineer  to  study  how 
it  can  best  be  aj^plied  to  the  use  and  convenience  of  man.     For,  ever 
since  the  beginning  of  the  nineteenth  century,  the  evidence  has  been 
cumulative  that  matter  in  motion  accounts  for  all  jahysical  phenomena, 
that   motion   produces   energy,  that    energy  is   never   wasted  but  is 
simjDly  transformed,  and  that  it  manifests  itself  to  the  senses  of  man 
in  various  modes  which  are  appreciable  by  the  several  organs  of  sense. 
What  our  senses  recognize  as  chemical  affinity,  heat,  light  and  elec- 
tricity are  simply  conditions  of  matter  induced  by  vibrations  or  quiv- 
ers or  waves  or  strains,  whatever  we  may  call  them,  of  different  kinds 
and  at  different  velocities.     Neither  matter  nor  motion  can  be  oi'igi- 
nated  by  man,,  but,  by  a  careful  study  of  the  sequence  of  events,  con- 
trol  can   be   acquired   of    their   modes    of    interaction,    and   natural 
phenomena  can  be  artificially  reproduced  and  other  phenomena  be 
produced.     The  intelligent  apjjlication  and  direction  of  such  means 
of  control  is  the  function  of  the  civil  engineer. 

With  the  advance  of  science,  the  scope  of  civil  engineering  widened 
and  advanced.  The  study  of  the  action  of  forces  induced  analytical 
investigation  of  the  means  by  which  forces  could  be  resisted  and  the 
best  results  obtained  from  proper  distribution  and  arrangement  of 
materials  of  diflferent  kinds.     Steamshij^s  and  locomotive  engines  were 
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eoustnu'tod  by  wLioli  the  products  of  the  earth  aud  the  manufactures 
of  man,  by  machines  aud  methods  not  before  conceived,  could  be 
transported  across  the  seas  and  overland  by  artificial  highways  and 
across  bridges  of  previously  unimagiued  span;  and  light  and  heat  and 
electricity  and  water  could  be  delivered  in  the  apartment  of  every 
person  to  be  used  at  will. 

It  was  in  the  carrying  out  of  the  delivery  of  pure  and  wholesome 
water  aud  the  removal  of  its  unused  surj^lus  that  the  civil  engineer 
first  was  called  on  to  deal  with  organic  life.  That  minute  organisms 
affected  the  comfort  and  the  health  of  man  had  been  recognized 
for  hundreds  of  years.  In  the  middle  of  the  seventeenth  century 
Leeuwenhoek,  a  Dutch  maker  of  microscopes,  discovered  and  described 
bacteria,  and  Nicholas  Andry,  a  pathologist,  ascribed  to  them  the 
causation  of  disease.  But  later  scientists  discarded  the  idea,  and  it 
was  not  until  1831  that  any  real  advances  were  made  in  the  study  of 
these  micro-organisms,  and  it  is  only  within  the  last  twelve  years  that 
it  has  become  thoroughly  recognized  that  the  regulation  of  the  growth 
of  living  organisms  in  air  and  w^ater  and  sewage  is  necessary  and 
l^racticable,  and  comes  within  the  domain  of  civil  engineering. 

Indirectly,  however,  biological  research  has  been  one  of  the  most 
important  factors  in  the  progress  of  engineering  science,  by  calling 
the  attention  of  students  of  i^hysics  to  the  fact  that  advance  and  not 
retrogression  is  one  of  the  fundamental  laws  of  Nature.  For  the  first 
half  of  the  century,  the  old  ideas  of  cosmogony,  based  on  an  hypothesis 
unsupi^orted  by  proof,  were  prevalent  everywhere.  It  was  assumed 
that  the  world,  in  all  its  details,  had  been  created  perfect  and  had 
since  been  simply  deteriorating  and  tending  to  a  final  dissolution. 
"  Change  and  decay,  in  all  around  I  see  "  was  the  dogma  of  the  theo- 
logian, the  philosopher  and  the  scientist  alike.  While  it  had  come  to 
be  recognized  that  the  forms  of  inorganic  matter  could  be  changed  by 
man,  and  that,  by  the  exercise  of  man's  intelligence,  certain  character- 
istics of  organic  matter  and  the  vital  forces  with  which  it  was  imbued 
could  be  modified  and  perpetuated,  it  was  not  considered  possible  that 
the  superior  intelligence  which  controlled  everything  could  modify  or 
transform  such  characteristics  in  any  special  form  of  matter. 

But  in  1859,  Charles  Darwin,  after  twenty  years  of  study  of  the 
sequence  of  events  in  biological  phenomena,  demon.strated  that  there 
was  an  intelligence  beyond  that  of  man,  which  was  constantly  acting 
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to  change  and  modify  the  forms,  the  habits  and  the  mode  of  life  of 
animals  and  i^lants,  and  that  such  action  I'esulted  in  the  perpetuation 
of  the  fittest  type  of  organism.  The  proof  was  irrefragable,  and  the- 
effect  of  his  wonderfully  clear  exposition  of  the  processes  by  which 
his  conclusions  had  been  reached  was  marvellous  in  inducing  a  co- 
ordination of  thought  and  a  co-oi^eration  in  methods  of  jDrocedure  in 
intelligent  research  in  the  investigation  of  all  natural  phenomena^ 
whether  relating  to  organic  or  inorganic  matter. 

In  considering  the  means  of  directing  the  great  sources  of  power, 
the  psychological  element  must  not  be  forgotten.  A  mere  intellectuaL 
ajjplication  of  the  laws  discovered  by  physical  research  is  not  enough 
to  make  a  civil  engineer.  Breadth  of  view,  the  faculty  of  analyzing 
what  has  been  done  so  as  to  discover  how  and  why  some  enterprises 
have  been  successful  and  others  have  not,  and  the  ability  to  forecast 
the  future,  are  essential.  These  qualities  are  largely  natural,  but  may 
be  cultivated  to  a  great  extent  by  study  and  experience.  That  there- 
has  been  a  wonderful  advance  in  this  direction  dui'ing  the  nineteenth 
century  is  shown  by  the  great  number  of  civil  engineers  who  hold 
positions  of  prominence  in  the  management  and  control  of  large  enter- 
prises which  require  the  exercise  of  faculties  which  cannot  be 
acquired  in  any  other  way  than  by  experience  in  the  designing,  con- 
struction and  management  of  engineering  works. 

A  prominent  factor  in  causing  this  advance  in  engineering  science 
which  has  occurred  simultaneously  on  the  Continent  of  Europe,  in 
Great  Britain  and  in  America,  has  been  the  collaboration  of  scientists. 
Early  in  the  century  it  became  evident  that  the  multiplication  of  lines 
of  research  demanded  a  differentiation  of  the  labor  of  their  prosecu- 
tion and  a  close  co-operation  of  the  workers  in  any  special  line,  and 
various  associations  of  specialists  were  formed  to  promote  various 
branches  of  scientific  research.  By  the  middle  of  the  century  it  had 
become  apjiarent  that  Civil  Engineering  was  not  the  prosecution  of  a, 
specialty,  but  was  the  co-ordination  and  direction  of  the  work  of  all 
specialties  in  Science  and  its  applications.  And  so  in  1852,  James 
Laurie  and  his  associates,  following  the  example  of  their  English, 
brethren,  founded  The  American  Society  of  Civil  Engineers,  the 
first  and  only  National  Organization  devoted  to  "the  professional 
improvement  of  its  members,  the  encouragement  of  social  intercourse 
among  men  of  practical  science,  the  advancement  of  engineering  in  its- 
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•several  branches  and  the  establishment  of  a  central  point  of  reference 
and  union  for  its  members."  To  the  jjrivileges  of  its  meml)ershii) 
may  be  admitted  not  only  every  "professional  engineer,"  but  also 
"any  person  who  by  scientific  acquirements  or  practical  experience, 
has  attained  a  liosition  in  his  special  pursuit  qualifying  him  to  co- 
operate with  engineers  in  the  advancement  of  professional  knowledge 
^nd  practice. "  This  meeting  of  that  Society,  which  now  has  2  500 
names  upon  its  rolls  of  membership,  and  owms  a  commodious  society 
house  with  a  reference  library  of  some  40  000  titles,  is  suflficient  jjroof 
of  the  wisdom  of  its  founders. 

Recognizing,  then,  that  progress  is  a  law  of  Nature,  the  accelera- 
tion of  progress  is  the  aim  of  Civil  Engineering.  It  strives  to  simulate 
the  results  of  the  slow  jjrocesses  of  Nature,  by  causing  the  sources  of 
power  to  act  rapidly  in  any  desired  direction.  Appreciating,  too,  the 
fact  that  there  is  constant  progress,  and  that  what  now  seems  admira- 
bly adapted  to  our  needs  may  in  a  short  time  reqiiire  to  be  superseded  by 
imj^roved  structures  and  processes,  the  tendency  of  the  time  is  toward 
the  production  of  works  which  will  have  a  definite  term  of  life,  rather 
than  toward  the  construction  of  everlasting  monuments.  We  see  that 
in  the  old  nations,  where  the  effort  to  build  for  eternity  was  made, 
time  has  outstripped  the  intent  of  the  builders  and  what  is  antiquated 
is  useless,  and  we  see  the  same  thing  in  our  own  streets  to-day.  The 
idea  of  building  a  monumental  structure  which  will  hand  one's  name 
down  to  future  ages  is  a  fascinating  one,  but  it  is  simply  a  survival 
■of  the  engineering  of  the  Pharaohs. 

The  most  thorough  exemplar  of  the  condition  of  civil  engineering 
at  the  beginning  of  the  twentieth  century  is  the  modern  office  building 
in  a  great  city.  One  hundred  years  ago,  the  man  of  enterprise  who 
resided  -50  miles  from  a  large  city  and  wished  to  consult  an  engineer 
regarding  a  project  for  a  new  canal,  arose  before  daylight,  struck  a 
spark  from  his  flint  and  steel,  which  falling  on  a  scrap  of  tinder  was 
blown  by  him  into  flame  and  from  that  a  tallow  dip  was  lighted.  In 
the  same  jsrimitive  manner,  the  wood  fire  was  kindled  on  the  kitchen 
hearth  and  his  breakfast  was  cooked  in  a  pot  and  kettle  suspended 
from  the  iron  crane  in  the  fireplace.  Entering  the  cumbrous  stage 
coach,  hung  on  leather  springs,  which  passed  his  door,  he  was  driven 
over  muddy  roads,  crossing  the  narrow  streams  on  wooden  trestle 
bridges  and  the  navigable  rivers  on  a  ferry  boat,  the  paddle  wheels  of 
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whicli  were  turned  by  a  mule  on  a  treadmill.  At  last  he  was  landed 
in  the  city  where  he  walked  through  dirty  streets  paved  with  cobble 
stones  until  he  reached  his  destination,  a  plain  three-story  brick  building- 
founded  on  sand,  with  a  damp  cellar  and  a  cesspool  in  the  back  yard. 
Entering  a  dark  hall  he  climbed  a  wooden  staircase  and  was  ushered 
into  a  neat  room,  rag-carpeted,  warmed  by  a  wood  fire  on  the  open 
hearth  and  lighted  by  a  sj^erm  oil  lamj?  with  one  wick,  for  it  was 
dark  by  this  time.  No  wonder  that  before  proceeding  to  business  he 
was  glad  to  take  a  good  stiff  noggin  of  New  England  rum. 

To-day,  his  grandson,  living  at  the  old  homestead,  while  com- 
fortably eating  his  breakfast,  which  has  been  cooked  over  a  gas  range, 
reads  in  his  morning  paper  that  the  high  dam  of  the  irrigation  reservoir 
in  Arizona,  in  which  he  is  interested,  sprang  a  leak  the  day  before,, 
and  he  telegraphs  to  his  engineer  in  the  city  that  he  will  meet  him  at 
his  office  at  noon.  Then,  striking  a  match,  he  lights  the  lamp  of  hia 
automobile  which  is  fed  by  petroleum  brought  200  miles  underground 
in  pipes  from  the  wells,  rolls  over  macadamized  roads  to  the  railroad 
station,  where  he  boards  a  luxuriously  appointed  train,  by  which  he  is 
carried  above  all  highways,  through  tunnels,  under  rivers,  or  across 
them  on  long-span  steel  bridges,  and  in  an  hour  is  deposited  in  the 
heart  of  the  city,  where  he  has  his  choice  of  proceeding  to  his  desti- 
nation through  clean  and  asjahalt-paved  streets  in  electric  surface 
cars  at  9  miles  an  hour,  elevated  steam  cars  at  12  miles  an  hour,  or 
through  well-lighted  and  ventilated  tunnels  at  15  miles  an  hour. 
Reaching  the  sjiot  his  grandfather  had  visited,  he  finds  there  a  huge 
and  highly  decorated  building,  twenty  or  more  stories  high.  Founded 
on  the  primeval  rock,  far  below  the  surface  of  the  natural  ground, 
the  superjacent  strata  of  compressible  material  having  been  penetrated 
by  caissons  of  sheet  metal  sunk  by  the  use  of  air,  compressed  by 
powerful  pumjjs  driven  by  steam  or  electricity  generated  at  a  power 
station  half  a  mile  or  more  away,  and  these  caissons  filled  with  a. 
manufactured  rock  such  as  the  ordinary  processes  of  Nature  would 
require  millions  of  years  to  produce,  there  is  erected  a  cage  of  steel, 
the  composition  of  which  has  been  specified,  and  the  form  and  mode 
of  construction  of  which  have  been  so  comjiuted  that  the  force  of  the 
elements  cannot  overthrow  the  structure  or  even  cause  it  to  sway  per- 
ceptibly. Towering  above  the  courts  of  Law,  the  temples  of  Religion 
and  the  palaces  of  the  Arts,  the  meshes  of  this  mighty  cage  are  filled 
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with  products  of  the  earth,  the  mine  autl  the  forest,  transformed  so 
as  to  be  strong  and  light  and  incombustible,  and  all  interwoven  with 
pipes  and  wires,  each  in  its  projjer  place  and  noted  on  the  iilans.  In 
one  set  of  these  pipes  there  is  pure  water,  which  has  been  collected 
from  a  mountain  area  of  igneous  geological  formation,  depojiulated  and 
free  from  swamps,  on  which  a  record  of  the  daily  rainfall  is  kept,  and 
in  wliich  impounding  reservoirs  have  been  constructed  by  masonry 
dams  across  its  valleys.  From  these  reservoirs,  the  water,  after  filtra- 
tion through  clean  sand,  is  conveyed  30  or  40  miles  through  steel  or 
masonry  conduits  to  covered  reservoirs  whence  it  is  drawn  as  needed 
through  cast-iron  pijjes  to  the  building  where  it  is  to  be  used,  and  there 
distributed  to  all  parts  of  it,  chilled  nearly  to  the  freezing  point  through 
one  system  of  jiipes  or  heated  nearly  to  the  boiling  point,  through 
another  system.  Another  set  of  pipes  carries  steam  which,  passing 
through  radiators,  keeps  the  temperature  of  the  air  throughout  the 
building  at  the  proper  standard  for  comfort.  Sanitary  conveniences 
are  provided  everywhere,  and  all  wastes  are  consumed  within  the 
building  by  the  surplus  heat  generated,  leaving  only  ashes  to  be  re- 
moved. Wires  convey  electric  currents  to  all  points,  so  that  the 
occupant  of  a  room,  sitting  at  his  desk,  can  by  the  touch  of  a  button 
ventilate  his  apartment,  illuminate  it,  call  a  messenger,  be  kept  in- 
formed of  every  fluctuation  in  the  markets,  converse  with  anybody 
who  is  not  "  busy  "  within  40  miles  of  where  he  sits  and  if  entirely 
"  up  to  date  "  can  require  his  autograph  and  portrait  to  be  reproduced 
before  his  eyes  for  identification.  He  dictates  his  correspondence 
and  his  memoranda,  and  "takes  his  j)en  in  hand  "  only  to  sign  his 
name.  He  need  not  leave  his  seat  except  to  consult  the  photograph 
hanging  on  his  wall,  which  shows  to  him  the  latest  condition  of  the 
mine,  the  railroad,  the  arid  lands  irrigated,  the  swamps  reclaimed, 
the  bridge  in  progi-ess,  the  steamship,  the  water-works,  the  tunnel  or 
the  railroad,  the  dam,  the  filter  or  the  sewage  works,  the  town,  the 
machine,  the  power  j)lant  or  the  manufacturing  establishment  in 
which  he  is  most  interested. 

Entering  the  brilliantly  lighted  hallway  of  this  building,  the  air 
of  which  is  kept  in  circulation  by  the  plunging  up  and  down  of  half  a^ 
dozen  elevators,  the  visitor  is  lifted  at  a  speed  of  500  ft.  a  minute,  past 
floor  after  floor,  crowded  with  the  offices  of  financiers,  managers  and 
promoters  of   traffic   and  of   trade,    lawyers,    chemists,   contractors. 
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manufacturers,  to  the  headquarters  of  the  controlling  genius  of  the 
whole  organism,  the  Civil  Engineer.  For  he  it  is  to  -whom  all  the 
members  of  this  microcosm  must  apply  for  aid  and  advice  in  the  suc- 
cessful operation  of  their  respective  occupations.  It  is  not  his  to 
mechanically  transform  elements  into  matter,  or  matter  into  other 
forms,  or  to  show  how  energy  may  be  produced,  but  to  direct  the 
application  of  energy  to  the  various  forms  of  matter,  original  or  pro- 
duced, in  such  way  as  to  bring  about  the  most  satisfactory  results  in 
the  most  speedy  and  economical  manner. 

He  has  grown  with  the  growth  of  the  nineteenth  century,  and  is, 
so  far  as  the  relations  between  man  and  matter  are  concerned,  its 
most  striking  jiroduct.  And  so,  while  the  definition  given  in  the 
"American  Edition  of  The  Encyclopaedia,"  which  appeared  at  the 
beginning  of  the  century,  that:  "  Civil  Engineers  are  a  denomination 
which  comprises  an  order  or  jirofession  of  persons  highly  respectable 
for  their  talents  and  scientific  attainments  and  eminently  useful  under 
this  appellation,"  is  still  true,  it  is  hardly  j^robable  that  the  compiler 
of  the  Twentieth  Century  Encyclopaedia  will  be  content  to  let  it  stand 
without  further  exj)lanation. 

But  the  end  is  not  yet:  there  are  still  many  jsroblems  of  Nature 

unsolved.     The  experience  of  every  day  shows  that  there  are  sources 

of  power  not  yet  fully  developed,  and  we  cannot  but  say  with  the 

great  poet: 

"  I  doubt  not  through  the  ages  one  increasing  purpose  runs, 
And  the  thoughts  of  men  are  widened  with  the  process  of  the  suns." 
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JAMES  COLWELL  ALDRICH,  M.  Am.  Sue.  C.  E.* 


Died  April  3d,  1900. 


James  Colwell  Aldrich  was  born  at  Chopmist  Hill,  Scituate,  Provi- 
dence County,  E.  I.,  on  July  24th,  1838.  The  land  comprising  Chop- 
mist  Hill  lies  on  the  west  side  of  the  seven-mile  line  included  in  the 
original  gi-onnd  jjurchase  of  Providence  Plantation,  which  was  laid  out 
and  conveyed  by  a  committee  of  the  early  proprietors,  consisting  of 
Henry  Harris,  of  Providence,  and  John  Walton  and  Richard  Steere,  of 
Gloucester,  the  last  named  being  Aldrich's  ancestor  and  a  Justice  of  the 
Court  of  Common  Pleas  for  the  County  of  Providence  during  many 
years  of  the  reign  of  George  II. 

James  C.  Aldrich's  father's  name  was  James,  and  he  belonged  to  the 
well-known  New  England  family.  His  mother  was  Abigail  Colwell, 
whose  emigrant  ancestor  to  America,  Robert  Colwell,  was  born  in 
Warwickshire,  England,  in  1630,  came  to  Providence  in  1653,  where  he 
settled,  and  removed  to  Long  Island  in  1667,  where  he  died.  Abigail 
Colwell's  forefathers  were  educated  in  the  art  of  war  and  the  kindred 
sciences.  Her  gi-andfather's  brother.  Colonel  John  Colwell,  commanded 
the  Third  Regiment,  Rhode  Island  Colonial  Brigade,  and  her  grandfather, 
William  Colwell,  married  Lucia  Arnold,  one  of  the  three  daughters  of 
Caleb  Ai-nold,  the  patriot  known  as  the  father  of  the  Revolutionary  family, 
consisting  of  eight  sons  and  three  sons-in-law,  who  served  in  the  Con- 
tinental Army.  One  son,  Othouial  Arnold,  received  his  death  Avound  at 
the  battle  of  Bunker  Hill,  and  Caleb  Ai-uold,  the  patriot,  was  sent  as 
Dejjuty  to  the  Rhode  Island  General  Assembly  from  1773  to  1778,  was 
paid  State  bounties  in  1778,  and  served  on  the  War  Committee  and  the 
Committee  for  Recruits  in  1780.  This  family  of  Arnolds  is  of  great 
antiquity,  having  then*  origin  among  the  ancient  Princes  of  Wales,  and, 
according  to  a  pedigree  recorded  in  the  College  of  Arms,  they  trace  from 
the  second  son  of  Cadwalader,  King  of  the  Britons. 

James  C.  Aldrich  was  graduated  from  the  Scientific  Department, 
Dartmouth  College,  in  the  Class  of  1859,  and  immediately  secured  a 
position  on  an  engineering  party  commanded  by  Colonel  Silvester 
Mowi-y,  fitting  out  at  Providence,  to  journey  overland  from  St.  Louis  to 
Arizona.  Indian  hostilities  caused  delays,  and,  tired  of  waiting,  he  sailed 
on  the  ill-fated  steamship  North  Star,  via  the  Isthmus,  for  California. 

*  Memoir  prepared  by  Miss  D.  Aldrich. 
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After  an  eventful  i^assage  of  disaster  and  danger,  he  arrived  in  San 
Francisco,  where  he  served  for  a  "while  in  the  Land  Department  of  the 
Law  Office  of  Giles  H.  Gray. 

He  taught  school  at  the  Mission  of  San  Jose,  of  which  C.  L.  Beard, 
who,  with  others,  afterward  founded  and  built  Washington  College,  near 
that  locality,  was  a  Trustee.  While  thus  engaged,  Colonel  Fred.  Lander 
tendered  him  a  position  on  the  overland  wagon  road  suiweys,*  in  which 
Colonel  Lander  took  command  of  all  available  forces.  He  changed  the 
programme,  however,  and,  later,  came  by  the  old  Buttei-field  Route,  Los 
Angeles  and  Ft.  Yuma,  up  the  Gila  River,  through  Tucson,  Apache 
Pass,  El  Paso,  Ft.  Davis  and  Ft.  Chadbourn,  to  the  \dcinity  of  old  Ft. 
Graham,  Texas. 

This  was  after  the  John  Brown  raid,  and  civil  war  was  imminent. 
He  then  pushed  on  through  the  Indian  Tenritory  and  Ft.  Smith  to  the 
terminus  of  the  Pacific  Railroad,  then  westward  only  30  miles  from  St. 
Louis. 

He  next  taught  in  a  Military  School  on  the  Hudson,  and  worked  at 
intervals  for  Chickering  and  Mapes,  Civil  Engineers,  at  18  Wall  Street, 
New  York  City.  While  there  he  made  some  of  the  earlier  preliminary 
surveys,  under  charter  for  a  railway  up  the  west  shore  of  the  Hudson 
River;  but  his  active  life  commenced  on  forming  the  acquaintance  of 
George  P.  Hopkins,  a  civil  engineer,  by  whom  he  was  introduced  to 
Israel  Smith,  Engineer  of  the  New  Jersey  Railroad  and  Transportation 
Company,  under  whom  he  was  assigned  a  position  on  Hopkins'  work, 
the  construction  of  the  Bergen  Point  Railway. 

He  next  went  "nith  the  company's  exjDerienced  Locating  Engineer, 
Edward  Everett,  on  the  final  location  for  the  Rahway,  Woodbridge  and 
Perth  Amboy  Railway,  and  in  the  following  spring  aided  the  late  I.  C. 
Chesbrough,  on  the  location  of  the  Taunton,  Somerset  and  Fall  River 
Railway.  He  now  became  permanently  connected  with  the  Engineer 
Cordis  of  the  New  Jersey  Railroad  and  Transportation  Company  (United 
Division,  Pennsylvania  System),  and  for  several  years  during  the  Civil 
War  served  as  Assistant  Engineer  and  Sujjerintendent  of  Construction 
on  new  lines  and  terminals. 

He  was  also  employed  on  the  earlier  tojDographical  surveys  for  the 
majjs  and  plans,  to  go  before  the  Legislature  at  Trenton,  for  the  water- 
works at  New  Branswick,  N.  J.,  of  which  E.  Millard  Smith  was  Acting 
Chief  Engineer. 

His  next  work  was  on  the  construction  of  the  Flushing  and  Manhasset 
Railway  extension  on  Long  Island. 

'Mi:  Aldrich  then  became  associated  with  John  Houston,  Chief 
Engineer  of  the  Long  Dock  and  the  Bergen  Tunnel  and  Erie  Railway  ;^ 
Houston  acting  as  Consulting  Engineer  on  all  lines  seeking  connection 

*See  advices  to  the  Interior  Department,  from  Magraw's  Section,  Wagon  Road  Ex 
pedition.  Indian  War. 
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with  the  Erio  aiul  entrance  to  New  York  City  hy  way  of  the  Bergen 
Tnnnel,  ami  Ahlrieh  performing  professional  duty  on  location  on  the 
nigged  line  from  Hancock  through  Delaware  County,  and  on  the  New 
York  and  Newburgh,  known  as  the  short  cut,  the  Newark  and  Paterson 
and  the  New  Jersey  Southern,  extending  to  Atlantic  City  and  Penn's 
Grove,  opposite  Wilmiugtou,  ou  the  Delaware. 

On  these  different  roads  his  professional  lines  were  in  conjunction 
with  those  of  George  Earl  Church,  M.  Am.  Soc.  C.  E.,  later  of  the 
Amazon  River  Improvement,  Edward  Everett,  L.  D.  Bruyn  and  Will- 
iam S.  Sneden,  Chief  Engineer  and  General  Manager  of  the  New  Jersey 
Southern  Railway. 

It  was  during  this  era  of  a  busy  life  that  he  was  called  to 
Brooklyn,  N.  Y.,  by  the  late  Benjamin  D.  Frost,  M.  Am.  Soc.  C.  E,, 
afterward  of  Hoosac  Tunnel  fame,  to  push  with  diligence  the  topo- 
graphical surveys  to  be  used  as  a  basis  upon  which  Mr.  Ered.  Law 
Olmsted  was  to  make  a  study  and  design  to  lay  before  the  Legis- 
lature at  Albany  to  advocate  the  interests  of  the  Brooklyn  Park 
bill. 

Mr.  Olmsted's  plan  jiroved  a  success,  and  for  over  four  years,  as 
Division  Engineer,  Mr.  Aldrich  gave  to  this  great  work  his  undivided 
attention. 

Mr.  Aldrich  next  went  to  Chicago,  in  the  interest  of  Messrs.  Olm- 
sted and  Vaux,  Landscape  Architects,  on  the  layout  of  Riverside,  a 
suburban  city.  On  his  return  to  New  Y'^ork  he  took  charge  of  the 
construction  of  the  Spuyten  Duyvil  and  Port  Morris  Railway  (Van- 
derbilt's  Hudson  River  Railway  entrance  into  Harlem) ;  then  he  went 
with  Mr.  Edward  Everett  on  the  difficult  location  of  the  Rochester, 
Mt.  Morris  and  Munda  Railway,  and  in  the  same  winter  completed 
the  topographical  survey  for  a  study  and  design  for  a  cemetery  at 
Middle  Hope,  on  the  Hudson,  for  the  City  of  Newburgh.  Following 
after  came  the  nice  surveys  for  the  extension  of  the  northern  limits  of 
New  Y'ork  City,  and  then,  in  company  with  the  late  John  Houston,  the 
examinations  and  triangulations  of  the  Passaic  River  and  its  tribu- 
taries, in  the  interests  of  the  United  Societies  of  the  State  of  New 
Jersey. 

Mr.  Aldrich  now  made  a  four-years'  engagement  to  accompany  Mr. 
Houston  to  Peru  and  Bolivia,  but,  on  the  eve  of  dejjarture,  was  allowed 
to  cancel  it  and  accept  a  Government  position,  first  under  the  late 
George  H.  Elliott,  M.  Am.  Soc.  C.  E.,  Engineer  Secretary  of  the  Light- 
House  Board,  U.  S.  A.,  and  later  as  Aide  and  Assistant  Engineer  to 
General  O.  E.  Babcock  (Engineer  of  Public  Buildings  and  Grounds, 
Chief  Engineer  of  the  Washington  Aqueduct  and  Private  Secretary  to 
President  Grant). 

Mr.  Aldrich  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers    on    May  7th,  1873.      In  October,  1873,  he  was  appointed 
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Assistant  Landscape  Engineer,  Department  of  Public  Parks,  New  York 
City. 

After  completing  this  engagement  he  went  to  Ehode  Island  and 
entered  upon  the  task  of  tracing  a  double- track,  medium-grade  raOway 
location  from  tide  water  to  some  point  on  the  Connecticut  Eiver  be- 
tween Windsor  Locks  and  Springfield,  Mass.,  to  be  constructed  in  the 
combined  interest  of  the  Connecticut-Poughkeepsie  Bridge  System, 
Boston  and  Albany,  and  Vermont  Central  Railways.  This  was  a  pro- 
ject which  had  enlisted  the  services  of  the  late  I.  C.  Chesbrough,  as 
early  as  1863,  but  as  there  were  no  topographical  data  of  the  inter- 
venirig  territory,  and  as  all  previous  jsroflles  had  ended  high  in  the 
air,  the  route  was  generally  considered  impracticable.  Aldrich,  how- 
ever, from  his  earlier  acquaintance  with  its  New  England  features, 
was  prone  to  believe  in  its  available  possibilities,  and  associated  with 
himself  the  veteran  locator,  Edward  Everett,  and  A.  D.  Beach,  who 
had  already  made  such  a  success  of  stadia  measurements  on  the  canal 
surveys  across  the  Isthmus.  He  entered  upon  an  exhaustive  examina- 
tion of  the  three  most  probable  lines,  and  finally  established  a  favorable 
and  scientific  location.  Afterward,  he  rendered  material  aid  in  securing 
the  charters  in  the  three  States. 

He  next  accepted  a  position  on  the  working  up  of  the  maps,  plans 
and  contracts  of  the  Riverside  Avenue  Improvement,  Department  of 
Public  Parks,  New  York  City,  and  was  appointed  Superintending 
Engineer,  which  position  he  retained  for  two  years,  until  a  change 
occurred  in  the  political  comjilexion  of  the  Park  Commission.  After 
this  (in  the  interest  of  Austin  Corbin  and  Western  bankers),  he  took 
charge  of  a  heavy  railway  construction  on  the  south  side  of  Long 
Island. 

He  was  now  tendered  two  jjositions,  one  in  an  unhealthy  portion  of 
Mexico  and  the  other  on  a  mountainous  line  to  connect  with  the  Santa 
Ee  System.  But  the  effects  of  past  exjsosure  and  the  inroads  of  chills 
and  fever  on  an  extremely  sensitive  organization  had  begun,  and  his 
physician  called  a  halt. 

Ambitious  and  active,  his  work  had  required  brave  bodily  toil,  cour- 
ageous persistence  and  studious  thought.  It  cost  him,  too,  what  may 
go  to  hearten  us,  and  what  we  are  apt  to  forget — frets,  woiries  and 
contentions — and  he  learned,  in  the  school  of  many  teachers,  benign 
forbearance  and  self  control.  Perfect  integrity  was  observed  in  all 
his  affairs.  His  last  feeble  years  were  passed  at  the  homestead  where 
he  was  bom,  and  which  he  took  great  pleasure  in  imjiroving. 
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EDWARD  ARNOLD  CORREA,  M.  Am.  Sot-.  C.  E.* 


Died  June  24th,  1900. 

Edward  Arnold  CoiTea,  only  son  of  Gabriel  A.  and  Sarali  Woods 
Correa,  was  bom  in  the  Island  of  St.  Tliomas,  Dani.sh  West  Indies,  on 
November  7th,  1855. 

His  father  was  a  gentleman  of  culture,  with  marked  musical  taste, 
and,  having  had  the  benefit  of  a  Eui'opean  education  and  of  extensive 
travel,  was  a  linguist  of  no  mean  ability,  speaking  five  or  six  languages 
fluently. 

Mr.  CoiTea's  mother  was  of  English  jDarentage,  her  father  having 
gi-aduated  at  Oxford  College.  He  was  a  planter,  owning  estates  in  St. 
Croix,  Danish  West  Indies,  which  were  quite  valuable  until  the  emanci- 
l^ation  of  the  slaves  by  the  Danish  Government  and  subsequent  dis- 
order destroyed  their  value. 

When  but  seven  years  old  Mr.  Correa's  father  died,  and  his  mother, 
considerably  reduced  in  fortune,  came  with  her  young  son  and  daughter 
to  the  United  States,  locating  in  Brooklyn,  N.  Y.,  where  the  subject  of 
this  memoii-  attended  the  public  schools  iintil  his  fifteenth  year.  This 
was  i3ractically  all  the  schooling  he  received,  as  his  mother  then  re- 
moved to  Iowa;  but  he  had  already  earned  the  reputation  of  being  a 
bright  pupil  and  a  voracious  reader.  He  was  employed  in  a  bookstore 
at  Mt.  Pleasant,  Iowa,  for  a  few  years,  and,  continuing  his  studious 
habits,  improved  his  mind  by  reading  the  best  books. 

He  entered  the  offices  of  the  Chicago,  Burlington  and  Quincy  Eailroad 
in  1879,  without  preliminary  training,  and,  by  close  application  and 
study,  advanced  rajiidly  in  his  chosen  profession,  being  at  all  times 
noted  for  the  careful,  ijainstaking  manner  in  which  he  did  any  work  en- 
trusted to  him.  He  was  repeatedly  employed  by  men  under  whom  he 
had  served  before,  and  his  going  to  Mexico  was  due  to  the  offer  of  a 
situation  by  former  employers. 

He  remained  with  the  Chicago,  Burlington  and  Quincy  Eailroad 
until  1881,  serving  as  Eodman,  Topographer,  etc.  In  1881  he  was 
Topographer  and  Leveler  on  the  Utah  and  Northern  Branch  of  the 
Union  Pacific  Eailroad. 

In  1882  he  commenced  work  for  the  Atchison,  Topeka  and  Santa 

Fe  Eailroad  Comj^any,  and,  with  the  exception  of  one  or  two  short 

intervals,  he  remained  with  that  company  until  1888.     During  these 

years  he  served  as  Leveler  and  Topographer  on  surveys,  as  Division 

Engineer  on  construction  and  as  Assistant  Engineer  in  the  Building  and 

Water- Supply  Departments. 

*  Memoir  prepared  by  the  Secretary,  from  papers  on  file,  and  from  information  sup- 
pUed  by  Lewis  Kingman," M.  Am.  See.  C.  E.;  J.  T.  Norton,  M.  Am.  Soc.  C.  E.,  and  Mrs.  H. 
C.  Jones. 
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In  1889  he  served  as  Transitman  on  the  location,  and  as  Division 
Engineer  on  the  construction,  of  the  Fort  Worth  and  Rio  Grande  Eail- 
"way,  from  Granville  to  Stei^henville,  Texas. 

In  1890  and  1891  he  became  Locating  Engineer  and  Assistant  Engi- 
neer in  charge  of  the  construction  of  the  Mexican  Pacific  Eailroad,  a 
l^roposed  transcontinental  line  from  Tonala  to  Frontera.  During  this 
period  he  also  made  a  reconnoissance  of  a  line  from  Alvarado  to  San 
Andres  Tuxtla,  in  Vera  Cruz,  Mexico,  and  located  20  kilometers  of  that 
line. 

From  April  to  December,  1891,  he  was  one  of  the  Assistant  Engi- 
neers on  the  Tampico  Harbor  Works,  under  A.  F.  Wrotnowski,  M.  Am. 
Soc.  C.  E. 

During  1892  and  1893  he  was  Locating  and  Resident  Engineer  on 
the  Mexican  National  Railroad  across  the  Isthmus  of  Tehuanteijec. 
In  reference  to  this  piece  of  work  the  following  is  quoted  fi'om  a 
letter  from  the  Chief  Engineer  of  that  road,  and  found  among  Mr. 
Correa's  effects : 

"I  wish  to  express  to  vou  my  appreciation,  not  only  of  the  thor- 
oughly conscientious  work  you  have  done  for  me,  but  also  as  to  your 
ability  as  an  Engineer.  You  have  had  charge  of  the  location  of  this 
line  from  the  Sarabia  to  the  Jumuapa  Rivers,  which  I  consider  by  far 
our  most  difficult  piece  of  work.  O'ning  to  the  configiiration  of  the 
country.  Ship's  Pass  being  the  only  point  at  which  you  could  cross  the 
range  between  these  two  rivers;  to  get  a  line  up  to  it  from  the  Sarabia, 
and  from  it  to  the  river  Jumuaj^a  again  and  not  carry  long  supported 
grades;  to  avoid  rock  cuts,  which  would  not  only  have  been  nearly 
impossible  but  impracticable,  from  their  cost,  and  get  a  line  as  you 
have,  both  with  such  good  alignment  and  so  cheaji,  has,  I  think, 
been  the  greatest  engineering  feat  accomi^lished  here  on  the  Isth- 
mus, and  well  shows  your  ability.  For  your  promjit  attention  to 
all  instructions,  for  your  earnest  manner  in  iDerforming  your  duties, 
allow  me  to  thank  you.  Wishing  you  every  success  in  your  pro- 
fession, and  that  you  may  reap  those  rewards  which  you  so  richly 
deserve,  I  remain, 

"Yours  very  respectfully, 
"  S.  B.  BrETON,  Ch.  Eng.  and  Gen.  Manager. 
"  CoATZACOALCos,  Febioiary  4th,  1893." 

During  1894  and  1895  Mr.  Correa  was  engaged  in  private  practice  in 
Mexico,  in  various  classes  of  work. 

In  July,  1895,  he  became  Assistant  Engineer  on  the  Mexican  Central 
Railroad,  under  Lewis  Kingman,  M.  Am.  Soc.  C.  E.  He  was  engaged 
on  reconnoissance  surveys  and  reports  of  lines  in  various  j^arts  of 
Mexico  until  about  July,  1897.  He  was  then  engaged  on  location,  and 
had  charge  of  various  pieces  of  construction.  He  then  became  Division 
Engineer  at  Aguas  Calientes  in  charge  of  Yards  and  Shops  plant. 

Shortly  after  this,  Mr.  Correa  was  sent  to  Parral,  in  Chihuahua, 
where  he  was  engaged  in  supervising  the  construction  of  a  branch  of 
the  Mexican  Central  Railroad.     He  was  employed  upon  this  work  at 
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the  time  of  his  death,  which  occurred  iu  camii,  ou  June  24th,  1900, 
alter  an  illness  of  a  day  or  two. 

Mr.  Correa  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  March  7th,  1900. 

He  never  married,  but. supported  his  mother  up  to  the  time  of  her 
death,  September  1st,  1898,  and  it  was  in  fultillment  of  her  exjiressed 
wish  that  he  sought  membershii)  in  this  Society. 

Mr.  Correa  was  a  man  utterly  incajjable  of  a  mean  or  dishonest 
action,  and,  in  an  unostentatious  way,  one  of  the  most  charitable.  He 
was  a  true  friend,  and  was  sincerity  personified  in  all  his  dealings  with 
his  fellowmen.  He  was  at  the  time  of  his  death  one  of  the  ablest  rail- 
road engineers  in  Mexico.  He  was  an  indefatigable  worker  and  was 
conscientious  to  a  fault.  His  ideals  were  high,  and  his  ambition  was 
to  do  anything  to  which  he  set  his  hand,  not  as  well,  but  better,  than 
others  could  do  it. 

In  his  death  the  Society  has  lost  a  useful  and  honored  member,  and 
one  who  was  universally  respected,  even  by  his  enemies. 
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WILLIAM  GIDDINGS  CURTIS,  M.  Am.  Soc.  C.  E.* 


Died  Jttsb  15th,  1900. 


Like  many  other  natives  of  Connecticut,  the  subject  of  this  memoir 
was  of  good  colonial  stock,  tracing  his  lineage  back  hundreds  of  years 
in  Essex  County,  England.  The  descendants  of  William  Curtis,  his 
ancestor,  who  came  to  the  colonies  in  the  ship  Lion,  in  1632,  took  a. 
prominent  jiart  in  the  colonial  life,  and,  when  the  final  separation  from 
the  old  country  came,  several  of  the  Curtises  figured  in  the  great 
struggle  for  independence. 

Mr.  Curtis  was  born  at  BridgeiDort,  August  19th,  1849. 

At  the  age  of  fifteen,  he  removed  with  his  parents  to  San  Diego 
Cal.,  thereby  doubtless  changing  the  whole  trend  of  his  life  and 
fortunes. 

At  that  i^eriod,  there  was  a  ready  market  on  the  Pacific  Coast  for 
probity  and  ability,  even  in  the  very  young,  and,  but  a  year  later, 
1865,  Mr.  Curtis  obtained  employment  with  the  Central  Pacific  Eail- 
road  Company,  and  began  a  career  of  success  no  more  marked  than 
deserved,  and  whose  achievements  only  terminated  with  his  Hfe. 

Most  engineers  commence  the  practice  of  their  profession  after  a 
more  or  less  complete  course  of  study,  but  Mr.  Curtis,  beginning  as  a 
rodman  at  the  age  of  sixteen,  was  obliged  to  acquire  most  of  its  theory 
during  such  leisure  hours  as  were  left  him  from  active  duties  in  the 
field  and  office.  He  passed  through  nearly  the  entire  period  of  loca- 
tion and  construction  on  the  Central  Pacific  Railroad,  an  experience 
which  pi'ofited  him  during  his  whole  i^rofessional  career. 

He  became  successively  Assistant  Engineer,  Resident  Engineer, 
Assistant  General  Superintendent,  and  Superintendent  of  Track,  and 
finally  reached  the  position  of  Assistant  to  General  Manager,  and 
Engineer,  Maintenance  of  Way,  of  the  Pacific  System  of  the  Southern 
Pacific  Company,  comprising,  at  the  time  of  his  death,  nearly  6  000 
miles  of  railroad,  which  i^ositiou  he  retained  during  the  rest  of  his 
life. 

Owing  to  the  total  lack  of  timber  on  most  of  their  lines  of  rail- 
road, the  Southern  Pacific  Company  early  turned  their  attention  to 
the  subject  of  timber  preservation,  in  which  they  have  had  marked  suc- 
cess and  have  perhaps  done  more  than  any  other  railroad  company 
in  America,  if  not  in  the  world.  The  achievements  in  this  regard  have 
rightfully  been  largely  credited  to  Mr.  Curtis,  under  whose  able  direc- 
tion the  work  progressed  until,  at  the  jjresent  time,  practically  all  the 
timber  and  ties  used  in  or  about  the  roadway,  excepting  redwood,  are 
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treated  with  ert-osote  aud  ebloride  of  ziue,  respectively.  Mr.  Curtis 
was  au  authority  in  this  soieuce,  and  one  or  more  of  his  papers  are 
aniou^  the  best  contributions  that  have  appeared  on  this  most  import- 
ant siibject. 

As  Engineer,  Maintenance  of  Way,  Mr.  Curtis  kept  himtclf  well 
informed  by  observation,  reading  and  discussion,  and  was  fully 
abreast  of  the  times.  His  enthusiasm,  however,  was  tempered  by 
that  judgment  which  comes  only  from  experience  and  attrition 
with  men  and  the  duties  of  life.  His  constant  aim  was  to  do  the 
best  possible  under  the  conditions  and  circumstances  presented. 

His  advice  was  frequently  sought  in  relation  to  the  business  of 
other  departments  of  the  railroad,  and  there  w^as  scarcely  a  work  or 
study  related  to  the  railroads  of  the  Southern  Pacific  Company  with 
which  he  did  not  have  more  or  less  to  do,  and  always  with  credit  and 
success.     He  was  one  of  the  controlling  forces  of  that  vast  property. 

From  boyhood  to  his  last  day  he  remained  faithful  and  industrious 
in  the  same  employ,  and  it  is  fair  to  say  that  Mr.  Curtis,  more  than  any 
other,  was  the  author  of  the  present  perfected  methods  and  organiza- 
tion of  the  Maintenance  of  Way  Department  of  the  Southern  Pacific 
Comijauy.  His  duties  covered  thousands  of  miles  of  railroad  and  a 
wide  range  of  climate,  from  the  tropic  heat  of  the  Colorado  Desert  to 
the  Arctic  cold  of  winter  in  the  Pequod  Hills;  from  the  restful  scenes 
and  orange  groves  of  the  Los  Angeles  Valley  to  the  deep  snows  of  the 
Sierra  Nevada  and  Siskiyou  Mountains,  or  from  the  sunny  skies  of  the 
San  Joaqiiin  to  the  storms  and  floods  of  the  Soledad  and  Sacramento 
CaSons,  or  the  cloudbursts  of  the  Arizona  Plains.  There  was  no 
time  of  the  year  when  his  presence  might  not  be  required  on  some 
distant  portion  of  the  property  where  inundation  or  snow  impeded 
traflic  or  threatened  disaster.  But  he  was  full  of  resources  and  always 
ready  for  any  emergency,  and  in  the  process  of  time  he  devised  expe- 
dients which  have  largely  lessened  the  disastrous  effects  of  storm  and 
flood. 

The  busy  life  he  led  left  him  little  time  for  recording  the  results  of 
his  exj)erieuce,  but  on  several  occasions  he  prejiared  jDai^ers  dealing 
with  subjects  to  which  he  had  devoted  much  thought  and  attention. 
These  are  most  instructive,  and  models  of  brevity  and  careful  state- 
ment. 

Mr.  Curtis  had  a  wide  range  of  knowledge  and  an  accurate,  com- 
prehensive memory,  which  doubtless  added  to  his  success.  It  was 
said  among  his  associates  that  he  never  forgot  a  figure. 

On  June  loth,  1875,  at  Stockton,  California,  he  married  Mary  Eliz- 
abeth Burton.  In  her  he  found  a  fitting  helijmeet.  Both  as  son  and 
husband  he  was  exceptional,  manifesting  in  his  domestic  life  the 
same  disjiosition  w^hich  had  made  him  so  respected  and  liked  by 
subordinates  and  associates.      For  all  about  him  he  had  ever  a  genial 
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smile;  for  the  ambitious,  a  word  of  encouragement,  and  for  the  unfor- 
tunate, one  of  sympathy.  He  never  forgot  the  social  side  of  life,  and 
even  on  a  wearisome  business  trip,  was  wont  to  entertain  his  com- 
panions with  enlivening  repartee  and  anecdote,  when  no  affair  of 
moment  was  under  consideration. 

Mr.  Curtis  was  not  only  an  engineer  and  manager  of  rare  judgment, 
but  also  a  clever  man  of  affairs,  outside  of  technical  matters.  His 
assistance  and  advice  were  often  sought  in  other  enterprises  and 
organizations. 

Two  years  before  his  death  his  health  began  to  break,  but  with  the 
tenacity  of  purpose  and  loyalty  to  his  employers  which  had  character- 
ized his  long  period  of  service,  he  gave  of  his  best  until  compelled  to 
seek  comjjlete  change  and  rest.  The  end  came  at  Highland  Springs, 
California,  on  the  twenty-fifth  anniversary  of  his  marriage,  1900. 

His  loss,  great  as  it  has  been  to  the  corporation  with  which  he  was 
so  prominently  identified,  was  not  alone  a  jjublic  one.  It  was  also 
distinctly  a  jorivate  loss,  and  those  intimately  associated  with  him  can 
only  recall  him  with  the  poignant  regret  caused  by  the  departure  of 
one  possessing  all  the  traits  of  a  kindly  gentleman,  a  well-balanced 
citizen  and  a  true  friend. 

Mr.  Curtis  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  May  3d,  1882,  and  served  as  a  Director  from  January  15th, 
1890,  to  January  21st,  1891.  At  the  time  of  his  death  he  was  Second 
Vice-President  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association.  He  was  also  a  member  of  the  Geograiihical 
Society  of  California;  of  the  San  Francisco  Microscopical  Society;  of 
the  Technical  Society  of  the  Pacific  Coast;  and  of  the  Bohemian  Club 
of  San  Francisco.  In  the  two  latter  societies  he  was  formerly  a 
Director.  To  all  of  these  he  gave  the  same  careful,  precise  attention 
which  he  gave  to  his  railroad  duties. 
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JAMES  FRANCIS,  M.  Am.  Soc.  C.  E* 


Died  December  1st,  1898. 


James  Francis  was  tlie  second  son  of  the  late  James  Bioheno 
Francis,  Past-President,  Am.  Soc.  C.  E.,  and  Sarah  W.  Francis,  and 
was  born  in  Lowell,  Mass.,  March  30th,  1840.  His  education  was  ob- 
tained mainly  in  private  schools  in  the  vicinity  of  Lowell  and  Boston. 
At  the  age  of  20  years  he  entered  the  Lowell  Machine  Shop  as  an 
api^rentice,  studying  and  working  in  the  different  departments.  Upon 
the  call  for  troops  at  the  outbreak  of  the  Ci^■il  War  he  enlisted  in  the 
Second  Massachusetts  Regiment,  and  served  until  August,  1865.  He 
was  with  the  Army  of  the  Potomac  in  the  winter  of  1862-63,  partici- 
pated in  the  battles  of  Cedar  Mountain,  Chancellorsville,  Antietam 
and  Gettysburg,  was  with  the  trooj^s  sent  to  quell  the  draft  riots  in 
Jsew  York  City,  and  afterward  served  along  the  line  of  the  Chattanooga 
Eailroad  and  in  Sherman's  forces  on  the  march  to  the  sea.  Mr.  Francis 
was  commissioned  a  Second  Lieutenant  in  May,  1861,  and  rose  to  the 
rank  of  Lieutenant-Colonel  in  July,  1865.  He  was  wounded  in  his 
left  hand  in  the  battle  of  Antietam,  and  lost  his  little  finger  by  amjju- 
tation. 

After  his  discharge  from  the  volunteer  forces,  Mr.  Francis  entered 
the  engineering  department  of  the  Hoosac  Tunnel  in  the  autumn  of 
1865,  as  an  assistant,  and  was  engaged,  chiefly,  in  surveying  and  level- 
ing. Returning  to  Lowell  in  April,  1866,  he  became  an  assistant  engi- 
neer of  the  Proprietors  of  Locks  and  Canals  on  the  Merrimac  River. 
In  this  position  he  devoted  himself  to  the  study  of  hydraulic  works 
and  especially  to  the  important  undertakings  with  which  his  father's 
name  is  associated.  Upon  the  retirement  of  his  father  from  active 
service,  Mr.  Francis  was  appointed,  in  January,  1885,  Agent  of  the 
Company,  in  which  position  he  had  the  management  of  the  water 
power  of  the  Merrimac  River,  and  the  charge  of  all  the  company's 
property. 

The  engineering  problems  involved  in  the  control  of  the  water 
power  of  the  Merrimac  River  had  been  thoroughly  worked  out  by  the 
elder  Francis,  and  the  son,  on  assuming  control,  followed,  without 
radical  departures,  the  jilans  of  work  and  methods  of  management 
which  his  father  had  inaugurated. 

A  notable  original  work  was  his  scheme  for  the  regulation  of  the 
power  of  the  Concord  River  at  Whipj^le's  Falls,  Lowell.  The  con- 
flicting interests  had,  for  years,  engaged  in  litigation  over  the  matter, 

*  Memoir  prepared  by  the  Secretary  from  papers  on  file,  and  by  abstract  of  a  Memoir 
published  in  the  Journal  of  the  Association  of  Engineering  Societies. 
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■without  approaching  a  settlement,  when  the  Court  referred  the  whole 
question  to  Mr.  Francis.  He  designed  a  system  for  the  regulation  of 
the  power,  which  has  been  in  operation  since  1894,  to  the  satisfaction 
of  the  parties  in  interest. 

Mr.  Francis'  dealings  with  corj^orations,  as  with  individuals,  were 
marked  by  absolute  impartiality,  and  his  honesty  of  thought  and  pur- 
pose were  apparent  in  all  his  relations  with  his  fellow-men.  He  was- 
severely  hurt  during  work  on  the  Pawtucket  Canal  in  1888,  both  legs 
being  broken.  He  recovered  from  these  injuries,  but  a  few  months 
before  his  death  he  was  thrown  from  a  carriage.  He  never  regained 
his  former  vigor  after  this  accident,  but  lost  strength  steadily  until 
his  death. 

He  was  married  to  Caroline,  daughter  of  Franklin  Forbes,  of 
Clinton,  Mass.,  on  July  19th,  1873.  Three  children  were  the  result  of 
this  union:  Joseph  S. ,  Clara  and  Duncan  F.  The  first  two  survive 
their  father,  but  the  latter  died  at  an  early  age.  Mrs.  Francis  died  on 
August  13th,  1889.  On  July  12th,  1892,  Mr.  Francis  married  Mary 
C,  daughter  of  Thomas  A.  Carew,  of  Cambridge,  Mass.,  who  survive* 
him. 

Mr.  Francis  served  as  a  member  of  the  Lowell  Board  of  Aldermen  in 
1884  and  1885.  He  was  a  director  in  the  Lowell  Gas  Light  Company 
and  in  the  Railroad  National  Bank,  and  a  trustee  and  member  of  the 
Board  of  Investment  of  the  Mechanics  Savings  Bank. 

Mr.  Francis  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  January  4th,  1893. 

He  was  also  a  Member  of  the  American  Society  of  Mechanical  Engi- 
neers, the  Boston  Society  of  Civil  Engineers,  the  Institution  of  Civil 
Engineers  of  Great  Britain,  the  Loyal  Legion,  the  Massachusetts 
Military  Historical  Society,  the  Victoria  Institute,  the  Philosophical 
Society  of  Great  Britain,  and  the  Unitarian  Society. 
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RANDELL  HUNT,  M.  Am.  Soo.  C   E.* 


Deed  Januaky  24:TH,  1898. 


Eamlell  Hunt  was  born  iu  New  Orleans,  October  30tb,  1856.  He 
was  graduated  at  Yale  with  degrees  in  engineering  and  philosophy. 
After  leaving  college,  his  first  practical  experience  was  gained  in  connec- 
tion with  the  New  York  Public  Parks. 

In  1878  he  established  an  office  in  Dakota,  and  identified  himself 
thoroughly  with  the  principal  engineering  works  of  the  then  very  active 
and  prosperous  West.  As  a  specialty,  he  devoted  himself  to  bridge 
structures  and  foundations,  and  all  through  his  jsrofessional  career  these 
were  the  particular  branches  in  which  he  excelled  and  with  which  his 
name  became  j^rominently  connected.  Until  1883  he  remained  in  Dakota, 
vrith  the  exception  of  a  period  in  1879,  when,  as  hydraulic  engineer,  he 
was  attached  to  the  Mississippi  Kiver  Commission,  in  the  investigations 
of  that  great  waterway. 

From  1883  until  1888  he  was  located  at  St.  Paul,  Minn.,  and  employed 
as  constructing  engineer  by  the  Chicago,  Burlington  and  Northwestern 
Railway.  He  had  charge  of  the  bridge  work,  and,  under  his  direct 
supei-vision,  the  noted  Chipj^ewa  Eiver  Bridge  was  built. 

In  1888  he  went  to  San  Francisco  and  began  a  general  engineering 
practice  in  the  line  of  his  specialty.  Many  of  the  bridges  of  this  State 
were  designed  by  him  and  built  under  his  direction.  In  1889  he 
was  made  the  Engineeiing  Expert  of  the  contracting  firm  of  Autonelle 
&  Doe,  and  his  name  became  very  prominent  in  the  controversy  regard- 
ing the  concrete  foundations  for  the  extensive  State  work  on  the  sea  wall 
at  the  foot  of  Market  Street,  in  San  Francisco,  which  caused  considerable 
interest  at  the  time,  he  contending  that  the  system  of  sinking  the  wall 
by  means  of  open  floating  caissons  possessed  inniimerable  advantages 
over  the  method  of  constrticting  coflfer-dams  for  this  work.  He  devised 
means  for  an  efficient  and  rapid  execution  in  this  direction,  and  defended 
his  position  so  ably  that  he  converted  the  authorities  to  his  ideas.  The 
Harbor  Commissioners  finally  permitted  the  use  of  this  system,  and  the 
work  was  successfully  carried  out.  The  total  length  of  the  wall  to  be 
constructed  aggregated  450  ft. ;  seven  caissons  were  used,  six  of  them  70 
ft.  long  and  one  34  ft.  They  were  sunk  in  depths  of  from  10  ft.  at  low 
water  stage  to  17  ft.  at  high  water.  Only  one  set  of  sides  and  ends  was 
used  for  the  six  large  caissons.  The  sides  and  ends  were  attachable  and 
detachable  to  and  from  the  grillage  forming  the  bottom  of  the  structure. 
These  designs  were  very  interesting,  and  all  through  this  extensive  work 
*  Memoir  prepared  by  Otto  Von  Geldern,  M.  Am.  Soc.  C.  E. 
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this  metliod  of  operation  gave  great  satisfaction,  for  no  mishap  of  anj 
serious  consequence  occui-red. 

With  Mr.  Hunt,  engineering  was  more  than  the  mere  means  of  mak- 
ing a  livelihood.  With  an  inborn  love  for  his  profession,  he  gave  to 
every  case  before  him  a  careful  and  deliberate  study ;  and  if  he  advocated 
his  designs  and  upheld  them  ^vith  all  the  vigor  of  his  energetic  character, 
it  was  because  he  was  led  by  an  honest  conviction  that  he  contended  for 
that  which  he  knew  to  be  right,  and  that  nothing  should  influence  him 
to  swerve  from  the  jjath  which  he  had  laid  out. 

In  1890  the  firm  of  Doe  &  Hunt,  engineering  contractors,  was  estab- 
lished, and  it  canned  on  a  successful  business  for  a  number  of  years. 
Here,  Mr.  Hunt  disjjlayed  great  energy  and  activity,  and  the  results  of 
his  labor  are  manifest  to-day  in  a  great  variety  of  existing  public  works. 
His  last  work  under  the  name  of  the  firm  was  the  very  imijortant  con- 
struction of  the  headworks  and  canal  of  the  Turlock  Irrigation  District. 
This  extensive  engineering  operation  would  have  been  carried  to  a  suc- 
cessful completion  by  him  had  it  not  been  for  the  suspension  of  all  irri- 
gation enteriDrises,  by  reason  of  legal  and  financial  difficulties  which 
threatened  disaster  to  almost  every  irrigation  district  in  CaUfomia,  the 
l^roblem  of  recovery  therefrom  not  having  been  solved  to  this  day. 

In  1897  Mr.  Hunt's  services  were  engaged  by  the  Commission 
which  had  been  charged  by  the  Government  to  decide  as  to  the  respec- 
tive merits  of  Santa  Monica  and  San  Pedro  Harbors  for  deep-water 
imjjrovement  and  shelter  to  vessels.  Here  he  became  the  expert  in  the 
work  of  making  borings  in  two  localities,  in  order  to  establish  the  com- 
position of  the  materials  of  the  respective  harbor  bottoms.  Although 
then  sufi"ering  from  a  malady  which  proved  incurable,  and  being  very  ill 
at  the  time,  he  can-ied  out  this  trying  work  to  the  end,  at  a  season  when 
the  conditions  of  the  weather  made  it  a  severe  test  for  a  man  in  health 
to  have  been  so  constantly  in  attendance  as  he  was. 

This  indomitable  energy,  to  caiTy  out  whatever  he  had  undertaken, 
was  one  of  the  iirincipal  characteristics  of  his  nature.  Physical  indis- 
position could  not  incapacitate  him.  As  long  as  he  could  be  about  he 
jierformed  his  full  share  of  the  work — and  this  he  did  to  the  very  end  of 
his  useful  life. 

Socially,  he  was  the  most  estimable  of  men.  His  early  training 
and  education  had  opened  his  mind  to  all  the  ennobling  influences 
of  culture  and  art,  and,  while  he  devoted  himself  to  the  advancement  of 
his  jjrofession,  he  never  lost  sight  of  the  many  other  elements  that  make 
up  human  progress.  Classic  literature  and  the  literature  of  the  day 
were  known  to  him  as  to  few  others,  and  he  delighted  to  converse  on 
these  subjects  with  those  about  him  who  enjoyed  his  more  intimate  ac- 
quaintance. He  was  a  most  genial  companion,  alive  to  every  interest, 
kind  hearted,  devoted  to  his  family  and  friends,  and  always  ready  to 
assist  others  in  giving  aid  and  advice. 
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His  father,  the  Hon.  William  H.  Hunt,  was  a  very  prominent  man 
in  bis  day.  Under  the  administration  of  President  Garfield  be  was 
Secretary  of  the  Navy;  after  Gartield's  deatb  be  was  sent  to  Russia  as 
Ambassador  to  represent  tbe  United  States.  He  died  in  St.  Petersburg 
in  1885,  full  of  honors  and  mourned  by  two  great  nations. 

In  Kandell  Hunt  the  American  Society  has  lost  one  of  its  most  prom- 
inent members.  He  will  be  remembered,  not  only  as  an  engineer  of 
high  qiiality,  but  as  a  man  of  many  virtues  and  broad  jjrincijdes,  who 
made  it  the  maxim  of  his  life  to  maintain  fearlessly  an  honest  conviction 
under  all  circumstances. 

He  died  January  24th,  1898,  after  a  lingering  illness  of  several  weeks. 

Mr.  Hunt  was  elected  a  member  of  the  American  Society  of  Civil 
Engineers,  May  '2d,  1883. 
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NILES  MERIWETHER,  M.  Am.  Soc.  €.  E.* 


Died  Decembeb  28th,  1900. 


Niles  Meriwether  was  born  in  Christian  County,  Ky. ,  on  January 
26th,  1830,  of  i^arents  who  came  of  old  Virginia  stock,  and  who  had 
gone  to  Kentucky  in  the  early  part  of  the  century. 

At  the  age  of  eighteen,  both  his  jjarents  being  dead,  he  entered  the 
engineering  field,  taking  a  position  as  a  rodman  on  the  Nashville  and 
Chattanooga  Railroad,  then  in  process  of  location.  He  remained  on 
this  railroad,  in  various  positions,  for  five  years. 

In  1853,  he  became  First  Assistant  Engineer  on  the  Mississijipi  and 
Tennessee  Railroad  (now  a  branch  of  the  Illinois  Central  Railroad),  his 
brother.  Minor  Meriwether,  being  Chief  Engineer.  In  1857,  his 
brother  resigned,  and  Niles  became  Chief  Engineer,  which  position  he 
held  until  1862,  w  hen  the  occupation  of  Memphis  by  the  Union  Army 
made  further  railroad  work  impossible. 

In  1865,  this  road  being  i^ractically  destroyed  by  the  contending 
armies,  he  interested  himself  in  securing  the  means  to  rebuild  it,  in 
which  he  was  successful. 

In  1868,  he  became  Chief  Engineer  of  the  Memphis  and  Charleston 
Railroad  (now  a  part  of  the  Southern  System),  and  held  that  position 
for  eight  years,  during  which  time  he  built  the  Middleton  and  Ripley 
Branch  and  extended  the  TuUahma  and  McMinnville  Branch  to  Jasper, 
Tenn.  He  also  constructed  most  of  the  important  bridges  of  this  line 
■which  had  been  much  injured  during  the  war. 

In  1875,  as  Chief  Engineer,  he  took  charge  of  the  consolidated  roads 
formerly  known  as  the  Southern  and  Mississippi  Central,  and  extend- 
ing from  New  Orleans  to  Cairo,  111. 

In  1877  he  began  the  construction  of  the  Natchez  and  Jackson  Rail- 
road, from  Natchez  to  Jackson,  Miss.,  but  the  yellow  fever  epidemic 
of  1878  so  depleted  the  finances  of  that  country  that  in  the  following 
winter  the  construction  was  susjjended. 

In  February,  1879,  Major  Meriwether  accepted  the  position  of  City 
Engineer  of  Memphis,  and  held  this  office  for  fourteen  years,  during 
which  time  he  did  more  than  any  other  man  to  restore  an  almost  ruined 
city  to  its  present  prosjjerous  condition. 

In  March,  1897,  he  took  charge  of  the  construction  of  a  branch  of 
the  Mobile  and  Ohio  Railroad,  running  from  Montgomery,  Ala.,  to 
Columbus,  Miss. ,  and  completed  the  line  in  May,  1899.  His  last  work 
was  as  Superintending  Engineer  of  Elmwood  Cemetery,  in  Memphis, 
which  occupied  his  time  until  two  weeks  previous  to  his  death. 

*  Memoir  prepared  by  Mrs.  M.  M.  Betts,  of  Memphis,  Tenn. 
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During  these  fifty-two  years  of  at'tivo  work  Major  Meriwether  was 
freqiieutly  culled  on  to  act  as  arbitrator  or  cousnltiug  engineer  on 
many  important  pieces  of  engineering  work  all  over  the  South. 

He  was  elected  a  Member  of  the  American  Society  of  Civil  Engi- 
neers on  November  1st,  1871,  and,  at  the  time  of  his  death  was  Presi- 
dent of  The  Engineering  Association  of  the  South. 

In  1S55  he  married  Miss  Lide  Parker  Smith,  of  Accomac  Co.,  Va. , 
and  their  union  of  forty -five  years  was  a  rarely  happy  one.  His  wife 
and  two  daughters,  Dr.  Lucy  V.  Davies,  of  New  York,  and  Mrs.  M.  M. 
Betts,  of  Memphis,  survive  him  and  cherish  his  memory. 
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MARC  JOHN  REISEGER,  M.  Am.  Soc.  C.  E.* 


Died  Max  26th,  1900. 


Marc  J.  Reiseger  was  born  October  31st,  1861,  near  Groningen,  The- 
Netherlands,  where  he  attended  the  public  schools,  going  from  the- 
high  school  there  to  a  college  at  Delft.  After  concluding  his  college 
career,  he  entered  the  emiDloy  of  the  Government  as  Engineer  in  Charge 
of  Railroad  Bridges,  the  railroads  in  that  country  being  owned  by  the 
Government. 

On  May  1st,  1887,  Mr.  Reiseger  left  his  native  land  for  the  United 
States.  For  a  time  he  worked  as  a  common  laborer  on  the  County 
Court  House  in  Cheboygan,  Mich.,  his  object  being  to  acquire  a  knowl- 
edge of  American  architecture,  etc.  He  next  went  to  Grand  Rapids, 
Mich. ,  and  entered  the  office  of  a  j^rominent  architect  there.  In  1888 
he  left  Grand  Rapids  for  Muskegon,  Mich.,  where  he  had  been  offered 
a  similar  jjosition,  which  he  subsequently  resigned  for  the  purj^ose  of 
ojiening  an  office  for  himself  in  the  same  city.  The  business  was  em- 
inently satisfactory.  Among  the  more  prominent  buildings  designed 
by  him  and  erected  under  his  supervision  are  the  North  Muskegon 
School  House,  the  Fox  Cracker  Factory  and  the  Chase  Piano  Factory. 

In  April,  1890,  he  took  up  his  residence  in  Greenville,  IVIich.,  with 
the  intention  of  engaging  in  manufacturing  there,  but  in  1891  he  re- 
turned to  Muskegon.  In  1893  he  entered  the  United  States  Engineer- 
ing Office  in  Grand  Rajjids,  and  in  1894  secured  a  position  with 
Keepers  and  Thatcher  Wynkoop,  better  known  as  the  Detroit  Bridge 
and  Iron  Works  of  Detroit,  Mich.,  which  firm  subsequently  became 
Keepers  and  Thatcher.  While  in  their  employ  he  was  Engineer  in 
charge  of  bridges  built  at  Albion  and  Tecumseh,  Mich.,  and  Pater- 
son,  N.  J.  He  was  also  for  a  time  in  the  Company's  office  in  Little 
Rock,  Ark.,  on  which  occasion  he  prepared  the  plans  for  the  bridge 
erected  by  them  at  Topeka.  In  April,  1899,  Mr.  Reiseger  returned  to 
Grand  Rapids,  and  organized  the  Grand  Rapids  Bridge  Company,  of 
which  he  became  President  and  General  Manager  on  its  incorporation, 
January  31st,  1900.  In  addition  to  many  smaller  bridges,  the  Grand 
Rapids  Bridge  Company  built  the  metal-concrete  bridge  at  Battle  Creek, 
Mich. 

Mr.  Reiseger  was  elected  a  Member  of  the  American  Society  of  CivU 
Engineers  on  December  7th,  1898. 

Early  in  1900  Mr.  Reiseger 's  health  began  to  fail,  as  a  result  of  too 
close  application  to  business,  and  on  May  26th,  1900,  he  died  at  his  res- 
idence, 241  North  Prospect  Street,  Grand  Rapids,  Mich.,  of  tuberculo- 
sis-meningitis. 

*  Memoir  prepared  by  Paul  van  Deinse,  Esq. 
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AVILLIAM  HOWARD  WHITE,  M.  Am.  Soc.  C.  E.* 


Died  Decembeb  11th,  1895. 


"William  Howanl  White  was  born  in  Watertown,  ^Vlass.,  on  February 
21st,  1847.  He  was  the  son  of  William  Abijah  and  Haniet  Tilden 
Stnrgis  White.  His  father's  sister,  Maria,  was  the  lirst  wife  of  James 
Russell  Lowell.  Mr.  White's  father  and  mother  died  when  he  was  a 
little  boy,  and  he  was  taken  into  the  family  of  and  brought  up  by  Mrs. 
Francis  George  Shaw,  his  mother's  sister. 

In  July,  1865,  Mr.  White  was  graduated  from  the  Lawrence  Scientific 
School,  Hal-^•ard  University,  in  the  course  of  civil  engineeiing  [magna 
cum  laude),  and  then  commenced  jsractice  as  a  civil  engineer,  in  which 
profession  he  distinguished  himself  with  great  honor. 

His  fii'st  engineering  work  was  in  connection  with  the  sewerage  of 
New  York  City,  from  August  9th,  1865,  to  January  10th,  1867.  He  then 
became  engineer  in  charge  of  the  constiiiction  of  seven  miles  of  the  Sul- 
livan and  Erie  Raih-oad,  in  Pennsylvania,  until  March  llth,  1868. 

From  May  13th,  1868,  to  March  31st,  1870,  he  was  an  Assistant  Engi- 
neer on  the  Burlington  and  Missouri  River  Railroad.  From  1870  to  1873, 
as  Assistant  to  Colonel  Mendell,  U.  S.  Engineers,  he  worked  on  the 
original  survey  of  San  Pedro  Harbor.  The  following  year  he  spent  in 
Europe,  studying  foreign  engineering  and  languages. 

Mr.  White  afterward  became  Chief  Engineer  of  the  New  York  and 
New  England  Railroad  System,  covering  al)out  450  miles.  Dui-ing 
1879-1883  he  was  Assistant  Chief  Engineer  of  the  Chicago,  Burlington 
and  Quincy  Railroad,  having  charge  of  all  the  engineering  work  on  the 
Iowa  lines,  embracing  some  900  miles. 

At  the  end  of  this  jDeriod  Mr.  White  again  went  to  Europe,  where  he 
spent  two  years  in  stiidying  foreign  sanitary  engineeiing  and  api^liances. 

For  seven  years  following  1885  he  was  a  Consulting  Engineer  in  New 
York  City  with  a  branch  office  in  Chicago.  Some  of  the  clients  by  whom 
he  was  consulted  were  Messrs.  Brown  Brothers  k  Company,  of  New 
York;  Carey  &  Whitridge,  attorneys  for  an  English  investment  company, 
and  Messrs.  Morton,  Bliss  &  Company,  of  New  York.  On  the  strength 
of  reports  made  by  him  the  Pillsbury  &  Washburn  Mills,  at  Minne 
apolis,  having  an  aggregate  cajjaeity  of  20  000  bbls.  of  flour  jjer  day, 
were  jiurchased,  and  action  taken  on  properties  in  Kentucky  aggi-egating 
85  000  000  in  value. 

Mr.  White  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  March  5th,  1873,  and  served  as  a  Director  for  the  year  1886. 

In  1878  Mr.  White  was  married  to  Margaret  Howard  Parker,  of  New 
*  Memoir  prepared  by  W.  A.  NichoUs,  M.  Am.  Soc.  C.  E. 
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York  City,  and  in  the  fall  of  1892  they  went  to  Eedlands,  Cal.,  from 
South  Orange,  X.  J. ,  with  their  three  children,  seeking  a  milder  climate 
for  the  benefit  of  Mr.  White's  failing  health.  Some  months  previous  to 
this  Mr.  ^Yhite  had  \-isited  Redlands  and  jiurchased  24  acres  of  orange 
lands,  and  here  he  built  a  home. 

He  was  a  man  of  great  intellectual  force,  and  always  prominently 
identified  himself  with  the  best  interests  of  the  community  in  which  he 
resided.     He  died  in  Eedlands,  December  11th,  1895. 

His  last  i^rofessional  work  was  the  giving  of  expert  testimony,  from 
the  bed  from  which  he  never  was  to  arise,  before  a  Commission, 
appointed  for  the  purpose  by  the  Superior  Court,  in  a  suit  involving 
important  questions  in  water  development  near  Eedlands. 

Mr.  White  presented  several  valuable  papers  before  the  Society,  and 
was  a  frequent  contributor  to  the  discussions. 
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nOMIMK  LINDKNTHAL,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  Jitxe  7th,  1900. 


The  cabled  news  of  the  tragic  death  of  Dominik  Lindenthal, 
Assoc.  M.  Am.  Soc.  C.  E.,  on  Jiine  7th,  1900,  in  Cuba,  came  to  his 
family  and  friends  like  a  thunderbolt  from  a  clear  sky.  They  knew 
that  his  health  was  aflfected,  but  they  were  not  prepared  for  a  fatal 
termination.  A  letter  from  him,  received  the  day  before  his  death,  had 
announced  to  his  family  his  intention  to  return  to  New  York  on  July 
1st,  and  that  he  had  already  engaged  his  home  passage. 

At  the  time  of  his  death  he  was  the  Manager  and  Chief  Engineer  of 
the  Cuban  Steel  Ore  Company,  opening  up  iron  ore  quarries,  and  build- 
ing shipping  docks  and  a  i-ailroad  at  Guama,  about  35  miles  east  of 
Santiago  de  Cuba.  It  was  not  his  first  work  in  Cuba,  he  having  been 
there  several  times  before  on  the  surveys  and  construction  of  different 
railroads. 

He  had,  years  before,  successfully  resisted  an  attack  of  yellow  fever, 
and  therefore  was  thought  to  be  inured  to  the  tropical  climate.  But 
in  the  beginning  of  1900,  he  began  to  suffer  from  malarial  fever,  from 
which  he  obtained  temporary  relief  during  a  business  trip  to  New  York 
and  Philadelphia,  in  May,  1900.  Foreseeing  that,  during  the  coming 
hot  season,  his  weakened  health  would  not  endure  the  strain  of  the 
great  responsibility  of  the  important  work  entrusted  to  him,  he  had 
given  notice,  to  the  officers  of  the  Company,  of  his  resignation,  which 
had  been  accepted  very  reluctantly.  He  returned  to  Cuba  in  the 
middle  of  May  merely  to  jDrepare  his  work  for  transference  to  his  suc- 
cessor. But  immediately  after  his  arrival  there  he  had  a  relapse;  the 
attacks  of  malarial  fever  became  more  severe,  and  his  mind  became 
affected.  For  four  days  he  neither  ate  nor  slept,  and  in  a  fit  of  insanity, 
he  killed  himself  with  a  revolver,  while  unwatched. 

He  was  then  thirty -four  years  of  age,  in  the  fairest  years  of  mature 
manhood,  having  been  born  in  Bruenn,  Austria,  on  the  10th  of  Octo- 
ber, 1866.  He  was  the  youngest  sou  of  Dominik  Lindenthal,  a  sub- 
stantial burgher  and  master  cabinet  maker,  who  died  in  1889.  The 
Lindenthals  belonged  to  that  now  mostly  extinct  type  of  German 
burgher  families,  in  which  the  membership  in  the  craft  or  guild  had 
descended  with  the  old  home  and  traditions  from  father  to  son  for 
generations. 

Dominik,  named  after  his  father  and  grandfather,  was  at  fii-st  in- 
tended to  continue  the  business  and  family  traditions  of  his  ancestors, 
and  to  become  an  artistic  cabinet  maker.     But  his  natural  brightness 

*  Memoir  prepared  by  Paul  S.  King,  M.  Am.  Soc.  C.  E. 
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and  intense  desire  for  study  led  to  his  being  sent  to  college  (Staats 
Gymnasium),  first  in  Bruenn  and  then  in  Triest,  from  which  he  was 
graduated  near  the  head  of  the  class.  He  was  regularly  matriculated 
at  the  University  of  Vienna  in  the  year  1885  for  the  study  of  medicine, 
to  the  practice  of  which  he  then  looked  forward  as  his  professional 
ambition.  At  the  same  time  he  complied  with  his  military  obligations 
as  a  one-year  volunteer  in  the  Austrian  army,  in  which  he  had  the 
rank  of  lieutenant. 

Besides  his  classical  studies,  he  had  also  obtained  through  his 
elder  brother  Ernst,  Professor  of  Mathematics  at  that  time  in  Triest, 
a  thorough  education  in  the  physical  sciences,  and  when,  in  the  sum- 
mer of  1887,  he  was  invited  by  his  eldest  brother  Gustav,  then  a  civil 
engineer  in  Pittsburg,  Pa.,  to  come  to  the  United  States,  he  came  over 
vrell  prepared  for  an  engineering  career,  which  he  then  jireferred. 

His  first  exj^erience  was  in  the  shops  of  the  Bethlehem  Ii'on  Com- 
pany, in  Bethlehem,  Pa.,  which  he  entered  as  a  workman,  to  familiarize 
himself  with  the  j)ractical  work  in  the  machine  shop  from  the  bottom 
up;  he  passed  on  to  building  operations  and  the  construction  of 
machinery  foundations. 

From  there  he  stepped  into  the  position  of  leveler  and  drafts- 
man on  the  "Wheeling  and  Harrisburg  Railroad,  where  he  was  under 
the  direction  of  Paul  S.  King,  M.  Am.  Soc.  C.  E.,  Engineer  in  Charge 
of  Surveys. 

His  ability  and  love  of  hard  work  caused  him  to  be  selected  by  the 
Juragua  Iron  Company  for  the  engineering  staff,  and  sent  to  Cuba  to 
survey  and  construct  a  railroad  and  iron  ore  mines  in  the  rugged 
country  near  Santiago  de  Cuba,  where  he  was  employed  until  April, 
1889. 

Returning  to  the  United  States,  he  occujjied  the  jiosition  of  Assistant 
Engineer  on  the  surveys  for  the  extension,  at  that  time  contemplated, 
to  the  anthracite  coal  mines  of  the  Maryland  Central  Railroad  and  the 
Baltimore  Belt  Railroad,  which  work  was  in  charge  of  John  B.  Bott, 
M.  Am.  Soc.  C.  E.,  as  Principal  Assistant  Engineer,  under  Gustav 
Lindenthal,  M.  Am.  Soc.  C.  E.,  as  Chief  Engineer. 

In  1890  he  took  charge  of  the  construction  of  the  foundations, 
masonry  and  sui^erstructure  for  the  McKeesport  and  Duquesne  High- 
way Bridge  across  the  Monongahela  River,  of  which  his  brother  Gustav 
was  the  Chief  Engineer. 

From  this  position,  he  stepped  into  a  Division  Engineership  on  the 
extension  and  double  tracking  of  the  Lehigh  Valley  Railroad,  from 
Sayre,  Pa.,  to  Buffalo,  X.  Y. ,  under  his  former  chief  and  friend,  P.  S. 
King,  as  Chief  Engineer.  On  this  work  he  was  employed  until  July, 
1892. 

In  the  early  autumn  of  that  year  he  went  on  his  second  trip  to 
Cuba,  as  chief  of  a  party  of  surveyors  for  the  railroad  to  the  man- 
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•jcauese  miuts,  for  the  Ponupo  Mining  and  Transportation  Company,  in 
isantiago  do  Cuba,  ou  wliioli  work  lie  remaiucd  until  January,  1893. 

Again  returning  to  the  United  States,  he  beeame  Accountant 
Engineer  for  Coleman,  Ryan  and  Brown,  contractors  for  the  new 
Croton  Dam,  Croton-on-Hudson,  where  he  remained  until  October, 
1895. 

His  next  position  was  as  Accountant  Engineer  for  H.  H.  Brown, 
contractor  for  the  revision  and  improvements  ou  the  New  York,  New 
Haven  and  Hartford  Railroad,  at  Roxbury,  Mass. 

In  all  these  positions  he  had  occasion  to  acquire  great  experience  in 
the  practical  execution  of  work  and  in  the  handling  of  working  forces 
on  a  large  scale.  He  was  highly  regarded  for  his  technical  ability, 
sterling  honesty  and  untiring  industry,  which  made  him  to  his  em- 
ployers a  very  valuable  man. 

In  1897  Dominik  became  office  assistant  to  his  brother  Gustav,  who 
liad  in  the  meantime  moved  his  engineering  office  from  Pittsburg  to 
^ew  York.  His  skill  as  a  fine  draftsman  and  designer  found  a  ready 
field  in  his  brother's  work. 

In  the  fall  of  1899  he  went  the  third  time  to  Cuba,  again  with  his 
former  chief,  Paul  S.  King.  This  was  the  work  for  the  Cuban  Steel 
Ore  Company,  mentioned  at  the  beginning  of  this  memoir,  and  from 
which  Mr.  King,  through  ill  health,  was  compelled  to  resign  in  the 
autumn  of  1899,  leaving  Dominik  Lindenthal  as  his  successor.  He 
■was  in  charge  of  the  surveys  and  construction  for  the  railroad,  ore 
docks,  and  the  opening  of  the  iron  ore  quarries,  when  his  untimely 
death  occurred. 

Of  his  immediate  family,  a  widow  and  a  daughter  of  four  years 
survive. 

By  his  employers  the  deceased  was  highly  regarded  for  his  integrity 
and  manliness,  and  by  his  closer  friends  for  his  accomplishments  as  an 
educated  man.  He  was  a  linguist,  who  had  mastered — in  addition  to 
his  native  tongue  of  German — English,  French,  Italian,  Spanish  and 
Bohemian;  and  was  an  accomplished  performer  on  the  piano — a  lover 
of  music.  His  reticent  manner  did  not  invite  easy  friendship,  but 
those  friends  whom  he  had  loved  him  dearly,  and  mourn  deeply  his 
all  too  early  death. 

There  was  every  prospect  that,  had  he  lived,  he  would  have  attained 
a  high  reputation  in  his  chosen  j^rofession  for  executive  ability  and 
sound  judgment  in  the  direction  and  organization  of  engineering  and 
construction  work,  which  was  more  to  his  taste  than  the  designing  work 
in  the  office,  in  which  he  was  also  very  proficient. 

He  was  elected  an  Associate  Member  of  the  American  Society  of 
Civil  Engineers  on  March  4th,  1896.  He  was  also  a  Member  of  the 
German  Technical  Society  of  New  York,  in  the  reorganization  and 
direction  of  which,  as  one  of  the  officers,  he  had  taken  a  consj^icuous 
part. 
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JOSEPH  RUGGLES  RICHARDS,  Assoc.  Am.  Soc.  C.  E* 


Died  September  28th,  1900. 


Joseph  Ruggles  Richards,  oldest  child  of  "Wyatt  Richards  (bom  at 
Hard  wick,  Mass.,  March  8th,  1802,  died  in  Boston,  February  9th,  1872), 
and  Sarah  Page  Ruggles  (born  at  Roxburv,  Mass.,  June  9th,  1796,  mar- 
ried April  5th,  1827,  died  in  Boston,  March  17th,  1878),  was  bom  at  63 
Myrtle  St.,  Boston,  Febmaiy  18th,  1828. 

■  He  obtained  his  education  in  the  public  schools  of  Boston,  passing 
through  the  various  grades  of  the  Mayhew  School,  on  Chardon  St. ,  and, 
finally,  being  graduated  from  the  English  High  School  in  the  year  1845, 
winaing  one  of  the  six  Franklin  Medals  for  scholarship.  He  was  espe- 
cially good  in  mathematics,  a  taste  which  followed  him  all  through  his 
l^rofessional  life;  nothing  pleasing  him  more  than  to  work  wp  a  truss  or 
diflScult  i^roblem  in  constmction,  or  to  figure  out  the  dimension  figures 
on  a  set  of  plans,  working  for  an  hour  at  a  time  to  find  the  missing 
inch  to  tie  a  column  of  figures.  When  he  had  finished,  one  was  sure  the 
figures  were  correct.  His  natural  taste  for  drawing  is  shown  in  the 
many  drawings  he  made  when  a  boy. 

His  expense  accounts,  carefully  kejDt  from  youth  up,  bear  witness  to 
his  businesslike  methods. 

Under  the  date  of  October  6th,  1815,  he  records: 

"I,  J.  R.  Richards,  this  day  entered  the  oflSce  of  Mr.  Gridley  J.  F. 
Bryant,  4  Court  Street  (Boston),  for  the  purpose  of  sers-ing  my  aijjjren- 
ticeship  under  him  in  the  Architectural  profession.  Seventeen  years  old 
on  the  18th  day  of  February,  1845." 

At  the  end  of  the  first  year  he  began  to  receive  regular  pay,  in  ever 
increasing  amounts  as  the  half  years  went  by,  turning  also  many  an 
honest  penny  by  over  work,  writing,  translating  French,  and  odd  work 
on  his  own  account. 

The  many  embryo  architects  who  worked  with  him  under  Mr. 
Brvant,  then  one  of  the  most  active  and  infliiential  architects  in  the 
country,  will  bear  witness  to  Mr.  Richards'  faithfulness  and  ability, 
and  tell  with  admiration  of  the  amount  of  work  he  could  "  throw  oflf." 

The  systematic  time  cards  or  diaries  he  kept  show  where  each  hour 
was  spent;  and  the  number  and  variety  of  the  works  he  undertook  is 
remarkable. 

On  January  1st,  1853,  he  opened  an  oflSce  on  his  own  account  at  46 
Court  St.,  comer  of  Tremont  St.,  Boston,  in  a  building  famous  from  the 
names  of  Washington  and  Lafayette  associated  vdih  it,  and  famous  later 
for  having  Daniel  Webster  as  a  tenant. 

*  Memoir  prepared  by  'WQliam  P.  Richards,  Esq.,  Boston,  Mass. 
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In  July,  1865,  the  firm  of  Richards  and  Park  was  formed  by  the 
admission  of  William  S.  Park,  his  brother-in-law.  The  firm  was  dis- 
solved in  1872,  Mr.  Richards  continuing  the  business  alone. 

On  October  1st,  1880,  he  admitted  his  son  William  P.  Richards  into 
partnership  with  himself,  ending  it  only  with  his  death  on  September 
28th,  1900. 

His  list  of  clients  contains  the  names  of  many  honored  jieople,  and 
his  work,  though  principally  confined  to  the  neighboring  States, 
extended  to  New  York,  Pennsylvania,  Louisiana,  Alabama,  California, 
Wisconsin,  Kansas,  Florida  and  Minnesota. 

The  City  of  Boston  early  employed  him,  and  for  a  number  of  years 
he  designed  for  it  schools,  engine-houses,  armories,  stables  and  other 
structures. 

The  State  of  Massachusetts  also  apj^ears  early,  as  a  client,  and  at 
intervals  up  to  a  recent  date.  At  one  time  he  made  plans  for  work  on 
the  State  House,  and  at  another  he  was  one  of  the  Commissioners  on 
extensive  alterations  to  it,  executed  for  them  by  Mr.  G.  J.  F.  Bryant. 

The  State  Capitol  at  Montpelier,  Vt. ,  was  erected  under  his  super- 
vision, the  drawings  of  another  architect  being  handed  to  him  to  carry 
out  and  finish,  and  in  1885-86  he  designed  and  executed  an  annex  to 
this  building  for  the  Supreme  Coiirt  and  State  Library. 

Harvard,  Amherst  Agricultural,  Dartmouth,  Williams  and  Hamilton 
Colleges,  also  Baker  University,  Kansas,  appear  on  his  books;  and  he 
erected  imi^ortant  buildings  for  them. 

The  cities  of  Cambridge,  Brookhne,  Lowell,  Wobum,  Blackstone, 
Mass.,  and  Kenosha,  Wis.,  emi^loyed  him  on  schools  and  various  iJublic 
works. 

The  counties  of  Suffolk  and  Franklin  each  had  their  Court  Houses 
enlarged  and  remodelled  by  him. 

A  stone  church  in  Ureenfield  and  a  brick  church  in  Taunton  show 
his  ability,  as  also  brick  and  stone  libraries  in  West  Brookfield,  Green- 
field, Sudbury  (the  latter  again  enlarged  in  1894),  the  Waverly  House,  in 
Charlesto-mi,  and  the  Crawford  House,  in  Boston. 

Numerous  large  stores  and  business  blocks,  and  to'mi,  city  and 
summer  houses  in  Boston  and  neighboring  towns  were  planned  and 
carried  out  by  him. 

Among  his  more  recent  and  larger  works  are  the  "Jarvis"  and 
"  Stanstead  "  apartment  houses  in  Cambridge,  "WTiite"  ajjartment 
house.  Commonwealth  Ave.,  Boston,  Five  Cents  Savings  Bank  Building 
in  Woburn,  Royal  Arcanum  Building,  Boston,  and  Colored  Odd  Fel- 
lows' Building,  Boston. 

Throughout  his  entire  practice  it  had  been  his  custom  to  lay  out  and 
do  most  of  the  important  office  and  outside  work  himself;  his  di-aughts- 
men,  in  consequence,  few  in  number,  doing  what  he  could  not  accom- 
jjlish  in  the  busy  days. 
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Of  him  The  American  Architect  and  Building  News  speaks,  as  one: 

"  Whose  unfailing  courtesy  and  interest  in  artistic  matters  had  made 
him  for  many  years  a  favorite  in  the  profession.  Although  his  works 
belong  rather  to  the  last  generation  than  to  this,  he  carried  out  in  his 
younger  days  very  many  mercantile  and  other  buildings,  characterized 
by  a  quiet  good  taste  which  was  then  perhaps  the  best  quaUty  that  such 
architecture  could  show. " 

Outdoor  sketching  in  pencil  and  water  color  was  a  constant  pleasure 
to  him,  and  his  leisure  moments  in  the  office  were  often  taken  up  in 
working  with  his  brush.  A  large  collection  of  pictures  and  studies 
give  evidence  of  a  remarkable  taste  and  talent  for  water-color 
painting. 

As  the  years  passed  he  gradiially  left  more  and  more  of  the  office 
work  and  outside  duties  to  the  younger  partner,  but, without  fail,  except 
when  sickness  prevented,  and  that  rarely,  would  come  to  the  office  and 
attend  to  his  duties. 

At  the  close  of  office  hours,  except  for  rare  occasions,  home  was  the 
next  object  in  view,  and,  arrived  there,  it  would  again  be  a  rare  occasion, 
as  time  went  by,  for  him  to  spend  the  evening  away,  though  he  was 
peculiarly  sociable  in  his  temperament  and  enjoyed  the  company  of  his 
friends.  Masonic  cares  occupied  his  time  early  in  his  career,  but  he 
gradually  dropped  the  active  cares  and  attendance  at  meetings.  He 
was  admitted  to  Amicable  Lodge,  Cambridgeport,  in  August,  1856;  St. 
Paul's  Eoyal  Ai-ch  Chapter,  in  1859,  and  Boston  Commandery,  Knights 
Templars,  in  1860. 

He  was  married  to  Mary  A.  Phillips  of  South  Natick,  Mass.,  daughter 
of  Thomas  and  Clarissa  Brackett  Phillips,  on  August  27th,  1851,  and 
commenced  housekeeping  in  Cambridge,  where  he  watched  the  gradual 
building  ujj  of  residences,  schools  and  library  on  the  acres  of  vacant 
land  near  him.  To  reach  his  Boston  office,  he  profited  by  the  slow 
change  from  omnibus  to  horse  car,  and  from  horse  to  electric  car,  the 
first  horse  cai's  from  Cambridge  passing  his  door.  The  Fitchburg  EaU- 
road  had  a  branch  track  almost  to  Harvard  Square,  now  discontinued, 
which  he  used  on  first  coming  to  Cambridge. 

His  wife  and  daughter  and  one  of  two  sons  sur'S'ive  him. 

As  a  referee,  he  acted  acceptably  in  a  number  of  cases,  and  as 
executor  or  administrator  he  settled  up  several  estates  successfully  and 
hapijily.  As  Trustee  for  the  North  End  Savings  Bank  for  a  number  of 
years,  he  rarely  lost  a  meeting  -n-ith  his  co-trustees,  and  his  ad\dce  on 
investments  in  real  estate  was  invaluable. 

Though  actively  interested  in  the  political  life  of  the  town  and 
State,  and  never  failing  to  go  to  the  polls  to  vote,  he  never  accepted 
public  office. 

On  May  22d,  1867,  he  attended  the  fii-st  meeting  called  by  the  archi- 
tects of  Boston  for  the  jjurijose  of  forming  a  Society  of  Architects,  and 
on  September  3d  he  was  elected  a  Fellow  Member,  which  membership  he 
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kept  up  uutil  his  death.  He  wa.s  a  loyal  member  to  that  Society  and 
Ilia  fellow  architects,  was  ever  ready  to  help  it  or  them,  and  his 
fairly  regular  presence  at  the  monthly  meetings  of  the  Society  will  be 
missed. 

He  was  elected  an  Associate  of  the  American  Society  of  Civil  Engi- 
neers on  February  4th,  1880,  and,  though  distance  from  New  York  pre- 
vented him  from  taking  an  active  interest  in  all  the  meetings,  he  looked 
forward  with  pleasure  to  the  Annual  Meetings  and  Annual  Conventions 
which  make  uj)  a  large  i>art  of  the  social  Life  of  the  Society,  and,  when 
he  could,  joined  these  gatherings. 
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JOHN  MONTGOMERY  TOUCEY,  F.  Am.  Soc.  C.  E.* 


Died  September  29th,  1898. 


John  Montgomery  Toucey  was  born  in  Newtown,  Conn. ,  on  July 
30th,  1829.  He  prepared  for  Trinity  College,  but,  finding  that  his 
tastes  did  not  lie  in  the  direction  of  the  ministry,  he  took  up  the  pro- 
fession of  teaching.  After  pursuing  that  profession  for  two  years,  he 
began  railroad  work  as  a  station  agent  at  Plymouth,  now  Thomaston, 
on  the  line  of  the  Naugatuck  Eailroad,  then  in  process  of  construction. 

Soon  after,  he  was  placed  in  charge  of  the  construction  of  the  rail- 
road between  Waterbury  and  "Winsted — heavy  freshets  having  severely 
damaged  it — and  was  highly  commended  for  the  rapidity  with  which 
the  work  was  carried  out  under  his  direction.  He  was  married  in 
1851,  [and  secured  employment  with  the  Madison  and  Indianapolis 
Railroad,  and,  subsequently,  as  a  freight  agent  on  the  Morris  and 
Essex  Railroad.  In  the  spring  of  1855  he  entered  the  service  of  the 
Hudson  River  Railroad  Company,  as  a  passenger  conductor,  and  after- 
ward became  its  agent  at  East  Albany.  In  1862,  Samuel  Sloan,  then 
President  of  the  road,  apj^ointed  him  Trainmaster,  and  so  well  were 
his  duties  i^erformed  that  he  was  appointed  Assistant  Superintendent 
in  1867. 

In  the  same  year  he  resigned,  to  accept  the  oflBce  of  General  Super- 
intendent of  the  Delaware,  Lackawanna  and  Western  Railroad,  but 
retained^the  oflfice  only  two  months,  as  he  was  recalled  to  the  Hudson 
River  Railroad  and  made  its  General  Superintendent  in  full  charge 
of  the  line.  He  continued  in  charge  of  this  section  of  the  road  after 
the  consolidation  with  the  New  York  Central  in  1869,  and  in  1881  his 
authority  was  extended  over  the  lines  west  of  Albany.  In  February, 
1890,  the  office  of  General  Manager  was  created  for  Mr.  Toucey,  and 
this  office  he  held  until  it  was  abolished,  eight  years  later,  after  the 
election  of  jVIr.  Callaway  as  President.  A  month  later  he  presented 
his  re.signation,  and  was  placed  on  the  retired  list  at  half-jiay. 

For  forty -three  years  Mr.  Toucey  was  a  responsible  oflBcer  of  the 
New  York  Central  and  Hudson  River  Railroad.  He  was  a  man  of 
great  energy  and  resolution,  his  dominant  trait  being  unwearying 
fidelity;  and  he  had,  in  particular,  the  gift  of  managing  trains  and 
moving  jjassengers  and  traffic  exjoeditiously  and  at  minimum  cost. 
He  was  bold  in  assuming  resiDonsibility,  but  had  a  keen  desire  to 
learn  what  was  best  in  the  practice  of  others.  In  his  personal  rela- 
tions with  the  employees  of  the  railroad,  he  was  genial  and  sympa- 
thetic, and  the  older  men  in  the  service  were  strongly  attached  to  him 

*  Memoir,prepared  by  the  Secretary  from  papers  on  file  at  the  House  of  the  Society. 
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ou  account  of  his  friendly  interest  in  their  associations,  his  unosten- 
tatious charity,  and  his  management  of  the  Christmas  dinners  pro- 
vided tor  the  men. 

The  railroads  of  the  United  States  are  indebted  to  Mr.  Toucey  for 
many  improvements.  He  was  first  to  introduce  interlocking  switches 
in  the  United  States.  These  were  placed  iu  the  Grand  Central  Yard. 
The  present  circular  form  of  scoop  for  taking  water  for  locomotives 
from  a  tank  between  the  tracks  is  due  to  his  experiments  at  Montrose 
in  conjunction  with  Mr.  Wm.  Buchanan.  He  was  Manager  of  the 
Grand  Central  Station  at  the  time  the  entire  system  of  tracks  was 
changed  at  that  locality,  and  proposed  and  urged  the  abolition  of  the 
crossings  at  grade. 

At  the  World's  Congress  of  Railways,  in  London  in  1895,  as  a 
result  of  the  profound  imjiression  made  by  Mr.  Toucey 's  remarks, 
with  regard  to  the  sjjeed  of  the  Empire  State  Express,  several  repre- 
sentatives of  the  continental  lines  have  inspected  the  track  of  the 
New  York  Central,  and  have  made  reports  to  their  comjianies  con- 
firming Mr.  Toucey's  statements.  At  the  Congress  IVIr.  Toucey  was 
accorded  great  respect  as  a  representative  American  railroad  man. 

Mr.  Toucey  wrote  little  besides  his  personal  and  official  corre- 
spondence, seldom  spoke  in  i^ublic,  and  was  reluctant  to  appear  in 
conspicuous  positions.  His  personality,  therefore,  was  known  to 
comparatively  few,  save  those  with  whom  he  had  business  relations. 
He  had  taken  little  rest  from  active  work  since  his  first  engagement 
in  his  boyhood,  and  he  suff'ered  from  illness  for  several  months  before 
his  death. 

Mr.  Toucey  became  a  Fellow  of  the  American  Society  of  Civil 
Engineers  on  May  17th,  1870. 
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